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It  is  with  great  pleasure  the  Council  report  that  the  Institute  contiiuies 
its  career  of  usefulness,  and  that  its  affairs  are  in  a  prosperous  condition. 

The  first  paper  in  the  Transactions  of  the  past  year,  hy  Dr.  P. 
Phillips  Bedson,  on  the  "  Testing  of  Safety  Lamps,"  founded  upon  and 
explanatory  of  the  experiments  made  by  Professors  Kreischer  and 
Winkler,  at  the  request  of  the  Saxon  Eoyal  Commission  in  Fi'eiberg,  is 
particularly  interesLing,  as  it  contains  much  valuable  information  on  the 
action  of  small  quantities  of  gas  on  the  flame,  produced  by  the  combus- 
tion of  various  classes  of  oil.  This  research  occurs  opportunely  when 
the  use  of  electric  lamps  is  being  discussed  as  a  substitute  for  the  ordinary 
safety  lamp,  which  not  only  affords  light,  but  can  be  relied  on  as  an 
indicator  of  the  presence  of  gas,  whether  explosive  or  mephytic. 

Mr.  Swan's  interesting  description  of  his  portable  electric  lamp  clearly 
showed  the  possibility  of  making  a  lamp — not  unduly  heavy,  which 
would  give  out  a  light  in  excess  of  that  usually  obtained — at  a  reasonable 
price,  and  at  a  cost  for  maintenance  below  that  usually  incurred  in  the 
ordinary  oil  lamps. 

My.  Kendall's  comprehensive  paper  on  the  Iron  Ores  of  the  English 
Secondary  Eocks  forms  a  valuable  work  of  reference  on  this  subject. 

The  Gold  Mines  of  Transylvania  form  the  subject  of  a  valuable  con- 
tribution from  Mr,  E.  H.  Liveing,  a  gentleman  who  has,  on  more  than 
one  occasion,  added  to  the  interest  of  the  Transactions. 

Mr.  Binns,  an  old  student  of  geology  in  the  College  of  Science,  who 
is  now  Government  Inspector  of  Mines  in  New  Zealand,  has  given  a 
valuable  description  of  the  coal  industry  of  that  colony,  together  with  an 
account  of  its  harbours  and  railways,  and  the  geological  formation  of  the 
country. 

Among  other  contributions  may  be  mentioned  the  description  of  a 
new  fonn  of  levelling  staff  by  Mr.  Linsley ;  a  paper  by  Messrs.  Liddell 
and  Merivale,  giving  the  details  of  a  case  in  which  power  was  by  means 
of  steam  successfully  transmitted  a  long  distance  in  the  workings  of  a, 
colliery ;  a  translation  by  Mr.  M.  Walton  Brown  of  the  Prussian  laws  for 
the  regulation  of  fiery  mines ;  and  a  valuable  statistical  table,  coujiled 
with  remarks  by  Mr.  Bird,  which  go  far  to  prove  that  the  loss  of  life  by 
accidents  in  mines  forms  but  a  small  percentage  of  the  ordinary  death 
rate  of  any  district. 


(viii) 

The  Council  would  draw  attention  to  the  fact  that  principally  by 
having  adopted  a  system  of  exchanges  with  Foreign  and  English  learned 
societies,  in  about  fifteen  years  a  library  of  upwards  of  8,000  volumes  has 
been  collected,  at  an  expense  of  about  £580.  A  catalogue  of  these  works 
has  been  formed,  in  which  an  attempt  has  been  made  to  indicate  clearly 
the  contents  of  the  volumes,  and  draw  attention  to  the  large  mass  of 
original  information  contained  in  the  MSS.  in  the  Bell,  Hall,  Watson, 
and  other  collections,  which  form  a  remarkable  feature  of  the  Library. 

During  the  year,  1,016  books  have  been  issued,  as  against  713  in  the 
previous  year,  and  it  is  hoped  that  in  future  the  number  of  works  con- 
sulted will  materially  increase,  owing  to  the  catalogue  which  has  been 
prepared. 

On  July  litli,  at  the  kind  invitation  of  Sir  Lowthian  Bell,  an 
interesting  excursion  was  made  to  the  ironstone  mines  at  Lumpsoy  and 
Skelton,  to  enable  the  members  to  examine  the  hydraulic  drilling  machines 
at  the  former  mine,  and  those  worked  by  compressed  air  at  the  latter. 
Another  excursion  was  made  to  Marsden  Eock,  to  entertain  a  number  of 
Members  of  the  Geologists'  Association,  on  August  the  3rd. 

In  October  last  a  discussion  arose  as  to  how  the  Institute  could  repay 
the  hospitality  many  of  its  members  had  received  at  Douai,  Birmingham, 
Cardiff,  Glasgow,  Sheffield,  Leeds,  and  other  places.  After  much 
deliberation,  it  was  decided  to  hold  a  Mining  Exhibition  in  1887,  to 
which  our  friends  might  be  invited.  A  committee  was  formed  to  report 
on  and  carry  out  the  scheme.  Singleton  House  was  proposed  as  the  site, 
and  details  were  prepared;  but  so  soon  as  the  scheme  became  known  in 
the  City,  it  was  taken  up  by  the  Mayor  and  many  of  the  Members  of  the 
City  Council,  and,  at  a  public  meeting  in  Newcastle,  was  received  with 
such  favour  that  it  was  determined  to  expand  the  project,  and  make  it  a 
Mining.  Engineering,  and  Industrial  Exhibition  (International  and 
Colonial),  worthy  of  the  celebration  of  the  Jubilee  year,  1887.  The 
various  Committees  were  enlarged  to  cai'ry  out  this  extended  scheme,  and 
your  President,  Mr.  John  Daglish,  was  chosen  Chairman  of  the  Executive 
Council,  as  a  compliment  to  the  Institute  which  had  initiated  the 
movement. 

In  conclusion,  the  Council  think  that  the  members  will  be  satisfied 
there  has  been  no  relaxation  in  the  efforts  made  during  the  last  year  to 
extend  the  usefulness  and  maintain  the  prestige  of  the  Institute. 


Jfiiumte  ^Icport. 


The  Income  for  the  year  1885-86  has  amounted  to  £1,714  18s.  9(3 ,  and 
the  expenditure  to  £1,024  8s.  7d.,  leaving  a  surplus  of  income  over 
expenditm-e  of  £90  10s.  2d. 

The  total  amount  of  subscriptions  and  arrears  received  has  been 
£1,391  2s. 

The  arrears  of  unpaid  subscriptions  are  £541  16s.,  being  £2  2s.  less 
than  last  year. 

WM.  COCHRAXE. 
JOHN  DAGLISH. 
G.  B.  FORSTER. 


July  24:fh,  1886. 
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AWARDS  FOR  PAPERS  WHICH  HAVE  APPEARED  IN 
VOLUMES  XXXIII.  AND  XXXIV.  OF  THE  TRANSAC- 
TIONS OF  THE  INSTITUTE. 


VOLUME  XXXIII. 

Name. 

Title  of  Paper. 

Amount. 

G.  A.  Lebour 

On  a  Great  Fault   at  Annstead,  in   North 
Northumberland 

£     s.     d. 
3     3     0 

E.  F.  Mell.Y           

Notes  on  the  Warwickshire  Coal-Field 

1     1     0 

-M.  Walton  Brown 

On    the    Observation    of    Earth-Shakes    or 
Tremors,  in  order  to  foretell  the  issue  of 
sudden  outbursts  of  Fire-damp     

2     2     0 

George  Lee 

The  Endless  Chain  in  Spain  ... 

3     3     0 

B.  J.  Forrest 

The  Bilbao  Iron  Ore  District            

3     3     0 

12  12     0 

VOLUME  XXXIV. 

Sydney  F.  Walker 

On  the  principles  of  Electric  Lighting,  and 
the  construction  and  arrangement  of  Elec- 
tric Light  Apparatus 

5     5     0 

D.  Tyzack 

Notes  on  the  Coal-Fields  and  Coal-Mining 
Operations  in  North  Formosa  (China)     . . . 

2     2     0 

J.  I).  Kendall       

The  Carboniferous  Rocks  of  Cumberland  and 
North  Lancashire,  or  Furness 

3     3     0 

C.  C.  Leach          

On  the  Shrinkage  of  Paper    ... 

2     2     0 

12  12    0 
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The  Institute  is  not,  as  a  body,  responsible  for  the  facts  and  opinions 
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which  occurred  at  the  Meetings  during  the  Session, 
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1885. 
August  1st. 


To  Balance  at  Bankers  ... 

1886. 
July  20tli. 
To  Dividend  at  the  rate  of  7  per  cent,  per  annum  on  134 

£20  Shaves  in  the  Institute  and  Coal  Trade  Chambers 
Company,  Limited,  for  the  half-year  ending  December, 

1885  

To  Ditto.,  half-year,  June,  1886  

To  Interest  on  Investments,  Tyne  Commissioners    ... 

To  Rent  of  College  Class-Rooms 

To  Subscriptions  for  1885-86,  from  373  Original  Members... 
To         Do.  do.  25  Ordinary  Members... 

To         Do.  do.  117  As.sociate  Members... 

To  Life  Subscription,  1  Associate  Member    ... 

To  Subscriptions  for  1885-86,  from  48  Students        

To         Do.  do.  1  Associate 

To         Do.  do.  1  New  Ordinary  Member 

To  Life  Subscription,  1  New  Ordinary  Member 

To  Subscrii^tions  for  1885-86,  from  6  New  Associate  Members 

To         Do.  do.  1  New  Student 


To  Subscribing  Collieries : — 
Ashington  ... 

Birtley  Iron  Company 

Haswell      

Hetton        

Lambton     ... 

Londonderry 

Marquess  of  Bute  ... 

North  Hetton 

Ryliope 

Seghill 

South  Hetton  and  Murton 

Stella  

Throckley 

Victoria  Gai'esfield 

Wearmnuth 


To  Members'  Arrears 
To  Students'      do. 


£     s.     d.         £    s.     d. 
651     0     4 


93  16    0 
93  16    0 


187  12    0 
58    0    4 


783     6  0 

77  14  0 

245  14  0 

20    0  0 

50    8  0 

2  2 

3  3 
25     0  0 
12  12  0 

1     1 


To  Sale  of  Publications,  per  A.  Reid 
Less  10  per  cent.  Commission 

To  Sale  of  Publications,  per  Secretary 


0 
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1,221 

0  0 

£2  2 

0 

6  6 

0 

4  4 

0 

10  10 

0 

10  10 

0 

10  10 

0 

10  10 

0 

6  G 

0 

4  4 

0 

2  2 

0 

4  4 

0 

2  2 

0 

2  2 

0 

2  2 

0 

4  4 

0 

81 

18  0 

1.302  18    0 

81  18    0 

6     6    0 


27  13    0 
2  15     3 


24  17    9 
4  12     6 


245  12     4 
48  14    2 


1,391     2     0 


29  10     3 
£2,365  19    1 
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INSTITUTE    OF    ^riNING    AND   TMECHANICAL    ENGINEERS. 
to  July  20th,  1SS6.  Cr. 


1885. 
August  1st. 

By  Balance  due  Treasurer  

ISSfi. 
July  20tli. 
By  Andrew  Reid  : — 
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Covers  for  Parts,  Folding  and  Stitching 
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Borings  and  Sections 

Library  Catalogue  

Library 

Stationery  and  Circulars  ... 

Postage 


By  Books  for  Library,  in  addition  to  amount  paid  A.  Reid 

By  Printing  and  Stationery,  do.  do. 

By  Abstracts  of  Foreign  Papers... 

By  Secretary's  Incidental  Expenses  and  Postage 

By  Sundry  Accounts  and  Payments 

By  Travelling  Expenses  ... 

By  Secretary's  Salary       ...  

By  Cashier's  Salary 

By  Clerks'  Wages  

By  Reporter's  Salary 

By  Furniture  and  Repairs 

By  Rent     

By  Rates  and  Taxes 
By  Fire  Insurance  ... 

By  Water,  Gas,  and  Coals 
By  Awards  for  Papers 

By  Lit.  and  Phil.  Society,  Shelving,  Wood  Memorial  Hall 

By  Purchase  of  Stott's  Records  of  Borings,  &c. 

By  Associated  Conversazione  expenses  ... 

By  Wailes  &  Strang,  Wood  Memorial  Hall  Windows 


By  Invested  with  Tyne  Commissioners.. 

By  Balance  at  Bankei's    ... 

By      Do.     in  hands  of  Cashier  ... 


£     s.    d.         £     s.    d. 
19     8     1 


297  2 

6 

2G  8 

4 

22  11 

10 

42  18 

6 

119  19 

8 

15  12 

9 

73  15 

5 

38  8 
30  11 

6 
0 

63(! 

17 

6 

1  3 

3 

39  13 

9 

52  14 

4 

91  10 

1 

2  15 

10 

300  0 

0 

75  0 

0 

140  14 

6 

12  12 

0 

11  19 

10 

77  18 

11 

16  12 

8 

8  14 

11 

13  4 

6 

29  15 

6 

905 

1 

1 

35  0 

0 

20  0 

0 

15  0 

0 

12  10 

0 

82 
1,643 

10 

0 

16 

8 

500 

0 

0 

211  15 

9 

10  6 

8 
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9 

e; 

Audited  and  found  correct, 

JOHN  G.  BEXSON, 

Chartered  Accountant. 
Newcastle-  on-Tyne, 

27th  July,  1886. 


£2.365  19     1 


Dr. 
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110 


1,611  12    0 
321     6    0 
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2     2  0 
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_8 
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3     3  0 
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1,302  18 
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0 

1,391  2 

0 

4     4     0 
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31  10 

0 
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1,391  2 

0 

£1.932  18 

_0 

(xvi) 


i 


O     O     O     iD     O     O 


oooooooo 


o   o   o   o 


M 


O     O    CO     T?    i-H    o 


lO     lO     lO     lO     O     lO     lO     o 


o   lo    o    o 


CO 


CD 
00 
CO 


H 
o 

p 

H 

H 
H 

CO 

ci3 


«rt 


M       o    o 
n      cc    o 


1-1     CO    00     o 

-?      CO     -T<      X 
lO      CM     CTl 


00 


1>     X     -^     (M      -S 
lO    i:^    i-H     X     X 


05 

00 

o 

1 

o 

r-l 

o 

^^ 

1-H 

1— 1 

^ 

M 

^ 

U 

CD 


V3     O 

5® 


3i      O  rH      CO      O      O 

00     O  CD     CO     LO     lO 

CO  -^     1> 


■A       ^ 


X 

CO 


«fj 


® 


CO 


o 
CO 


o 


5 


b   .a 


o 


o 
o 
cj 

c 


0) 

o 


S3         a 
1—1         S 


S     ?5    H 


o 


=4-1 
O 


S 


!3h 


c 


!N 


® 


®  .2 
■A  I 


be 


® 


be  .S    .S 

:5  ;5  ^  .5  r- 


o     o 


c 

O 


WA     Ifl     VI 


■Jl 

s 


■fi 

be 


,     i_i      r-"      r^      r*^      r/5      y^     ;-! 


g^    be    be 


o3 


d 


^  a 

(V)  O 

g  s 

CO 


^rt 


2-30 


OJ 


o 


0 
o 

CD  "^ 

'^  ■* 

=H  =4H 

O  C 

0)  o 

3  S 


5  S 

S       =fH 

1—1      o      • 


o 

en 

o 


o 

o 


03       O      O 

o  pq  m 

=*H    =4H    q-i 
000 


be  .S 

s  w 


pq 

c 


p. 
o 


r4         ^         C3 

<1  >  > 


0) 


> 


0)     ai 

•p, 

o 

o 

ira  CO 

X  CD 

CO  t^ 

=H  =« 

o     o 

I— >      >— ' 
K-      > 


m     .f-      ^ 


c3 


s 


=4-1 

o 


S   :2 


OS 

3 


'^        pL,        ^ 

COO 

O    O    U 

Oi  O  1^ 
10  CO  CO 
X     CO     CO 


o 
Is 


«H      =4-1 

o     o 


o 
O 

00 
C 


o 

a 

o 
o 


-r9  o 

'•.3.  t- 

«4H     Q.  t4H 

o  ir'  O 

O    3  CD 

-2  ^ 

>  > 


^  % 

O  pq 

=4-1  =♦-( 

o  o 

>  > 


CO 


ert 


00 
CO 


'   ."^ 

H 

-s 

u 

12; 

< 

S 

H 

!«, 

0 

P 

a4 

0 
0 

w: 

, 

^-1 

■TJ 

^ 

< 

0 

c 

m 

cc 

tj 

;^ 

« 

-4^ 
Ci 
Ol 

0 

w 
pq 

11 

CJ 

0 

0 

'1    1 

-^ 

a 

CO 

<u 

n 

«) 

^ 

0 

>-! 

X 

I— 1 

cj 

s 

"3 

^ 

C/J 

1-5 

'5 

0 

i 

Cj 

a> 

"3 

S5 

X 

CO 


ert 


I 


fxvii' 


Satrons. 


His  Grace  the  DUKE  OF  NORTHUMBERLAND. 

His  Grace  the  DUKE  OF  CLEVELAND. 

The  Most  Noble  the  MARQUESS  OF  LONDONDERRY. 

The  Right  Honourable  the  EARL  OF  LONSDALE. 

The  Right  Honourable  the  EARL  OF  DURHAM. 

The  Right  Honourable  the  EARL  GREY. 

The  Right  Honourable  the  EARL  OF  RAV^ENS WORTH. 

The  Right  Honourable  the  EARL  OP  WHARNCLIFFE. 

The  Right  Reverend  the  LORD  BISHOP  OP  DURHAM. 

The  Very  Reverend  the  DEAN  AND  CHAPTER  OF  DURHAM 

WENTWORTH  B.  BEAUMONT,  Esq.,  M.P. 


(xviii) 


Elected. 


*  Honorary  Members  during  term  of  office  only.  Mem.  Hon-. 

The  Right  Honourable  the  EARL  OP  RAVENS  WORTH,  Ravens- 
worth  Castle,  Gateshead-on-Tyne 1877 

*  Peof.  p.  PHILLIPS  BEDSON,  D.Sc.  (Lond.),  F.G.S.,  Durham  College  of 

Science,  Newcastle-on-Tyne  ...         ...         ...  1883 

M.  DE  BOUREUILLE,  Commandeur  de  la  Legion  d'Honneur, 

Coiiseiller  d'etat,  Inspecteur  General  des  Mines,  Paris  ...  1853 

*  Peof.  G.   S.  BR.^DY,   M.U.,   F.R.S.,   F.L.S.,   Durham   College  of 

Science,  Newcastle-on-Tyne          ...         ...         ...  1875 

De.  BR  ASSERT,  Berghauptmann,  Bonn-am-Rhein,  Prussia           ...  1883 

De.  H.  von  deck  en,  Berghauptmann,  Bonn-am-Rhein,  Prussia...  1853 

JOSEPH  DICKINSON,  Esq.,  F.G.S.,  Inspector  of  Mines,  Manchester  1853 
THOMAS  EVANS,  Esq.,   F.G.S.,  Inspector  of  Mines,  Pen-y-Bryn, 

Duffield  Road,  Derby         1855 

*  Peof.  WILLIAIM  GARNETT,  M.A.,  D.C.L.,  Principal  of  the  Durham 

College  of  Science,  Newcastle-on-Tyne   ...         ...         1884 

M.  THEOPHILE  GUIBAL,  School  of  Mines,  Mons,  Belgium         ...  1870 

*  HENRY  HALL,  Esq.,  Inspector  of  Mines,  Rainhill,  Prescott          ...  1876 

*  Peof.  A.  S.  HERSCHEL,  M.A.,F.R.S.,  F.R.A.S.,  Durham  College  of 

Science.  Newcastle-on-Tyne  ...         ...  ...         ...         ...  1872 

The  Veet  Rev.  De.  LAKE,  Dean  of  Durham  1872 

*  Peof.  G.  A.  LEBOUR,  M.A.,  F.G.S.,  Durham  College  of  Science, 

Newcastle-on-Tyne  1873       1879 

*  RALPH  MOORE,  Esq.,  Inspector  of  Mines,  Glasgow  1866 

WARINGTON  W.  SMYTH,  Esq.,  M.A.,  F.R.S.,  F.G.S.,  F.R.G.S., 

28,  Jermyn  Street,  London         1869 

M.  E.  VUILLEMIN,  Mines  d'Aniche,  Nord,  France  1878 

*  FRANK  N.  WARDELL,  Esq.,  F.G.S.,  Inspector  of  Mines,  Wath-on- 

Dearne,  near  Rotherham  ...         ...         ...         ...         ...     186i      1868 

*  JAMES  WILLIS,  Esq.,  Inspector  of  Mines,  14,  Portland  Terrace, 

Newcastle-on-Tyne 1857       1871 

THOMAS  WYNNE,"  Esq.,  F.(J.S.,  Inspector  of  Mines,  Manor  House, 

Gnosall,  Stafford 1853 


%iU  Stmbers, 

C.  W.  BARTHOLOMEW,  Esq..  Blakesley  Hall,  near  Towcester     ... 

THOS.  HUGH  BELL,  Esq.,  Middlcsbro'-on-Tces      

DAVID   BURNS,  Esq.,  C.E.,    F.G.S.,  Clydesdale   Bank  Buildings, 

Bank  Street,  Carlisle 

T.  E.  CANDLER,  Esq  ,  F.G.S.,  Canton  Club,  Canton,  China 

E.  B.  COXE,E.sq.,  Drifton,  Jeddo,  P.O.,  Luzerne  Co.,  Penns.,  U.S.  ... 

JAMES  S.  DIXON,  Esq.,  170,  Hope  Street,  Glasgow  

ERNEST  HAGUE,  Esq..  Castle  Dyke,  Sheffield         

G.  C.  HEWITT,  Esq.,  Coal  Pit  Heath  Colliery,  near  Bristol 
JAMES  HILTON,  Esq..  Wigan  Coal  and  Iron"  Co.,  Limited,  Wigan... 
THOS.  E.  JOBLING,  Esq.,  Croft  Villa,  Blyth,  Northumberland   ... 
ROBERT  KNOWLES,  Esq.,  Arncliffe,  Cheetham  Hill,  Manchester... 

HENRY  LAPORTE,  Esq.,  M.E.,  80,  Rue  Royalo,  Brussels 

W.  MERIVALE,  Esq.,  Kirwee,  Manikpur,  Bhopal,  Central  India    . . . 

NATHAN  MILLER,  Esq 

H.  J.  MORTON,  Esq.,  2,  Westbourne  Villas,  South  Cliff,  Scarborough 
RUDOLPH  NASSE,  Esq.,  Oberbergrath,  Dortmund,  Prussia 

ARTHUR  PEASE,  Esq.,  Darlington 

W.  A.  POTTER,  Esq.,  F.G.S.,  Cramlington  House,  Northumberland 

EDWARD  G.  PRIOR,  Esq.,  Victoria,  Briti.sh  Columbia        

R.  CLIFFORD  SMITH,  Esq,,  F.G.S.,  Parkfield,  Swinton,  Manchester 
T.  H.  WARD,  Esq.,  F.G.S.,  Assistant  Manager,  East  Indian  Railway 

Collieries,  Giridi,  Bengal,  India 1882       1882 


Electbd. 

Mfm. 

Lirr. 

1875 

1875 

1882 

1882 

1877 

1877 

1875 

1885 

1873 

1874 

1878 

1880 

1872 

1876 

1871 

1879 

1867 

1883 

1876 

1882 

1886 

1886 

1877 

1877 

1881 

1884 

1878 

1878 

1856 

1861 

1869 

1880 

1882 

1882 

1853 

1874 

1880 

1883 

1874 

1874 

(xix) 

OFFICERS,     1  886-87. 


SIrfjiibcut. 

Sir  LOWTHIAN  I5ELL,  Bart.,  F.R.S.,  F.C.S.,  Uounton  Grange,  Northallerton. 

^irc-frrsibnits, 

WM.  ARMSTROXG,  Es(i.,  F.G.S.,  Polaw  House,  Chester-le-Street. 
CUTHBERT  BERKLEY,  Esq.,  Marley  Hill,  Whickhaui,  R.S.O.,  Co.  Durham. 
T.  J.  BEWICK,  Es(i.,  M.I.C.E.,  P.G.S.,  Haydon  Bridge,  Northumberland. 
WM.  COCHRANE,  Esq.,  Grainger  Street  West,  Newcastle-on-Tyne. 
THOMAS  DOUGLAS,  Esq.,  Peases'  West  Collieries,  Darlington. 
JAMES  WHJJS,  Esq.,  14,  Portland  Terrace,  Newcastle-on-Tyne. 

WxM.  ARMSTRONG,  Jun.,  Esq.,  Wingate,  County  Durham. 

J.  B.  ATKINSON,  Esq.,  Stocksfield-on-Tyne. 

T.  W.  BENSON,  Es(i.,  11,  Newgate  Street,  Newcastle-on-Tyne. 

R.  F.  BOYD,  Esq.,  Moor  House,  Leamside,  Fence  Houses. 

B.  C.  BROWNE,  Esq.,  M.I.C.E.,  2,  Granville  Road,  Jesmoud,  Newcastle-on-Tyne. 

THOS.  HEPPELL,  Esq.,  Leafield  House,  Chester-le-Street. 

T.  G.  HURST,  Esq.,  F.G.S.,  Osborne  Road,  Newcastle-on-Tyne. 

H.  LAWRENCE,  Esq.,  Grange  Iron  Works,  Durham. 

W.  G.  LAWS,  Esq.,  Town  Hall  Buildings,  Newcastle-on-Tyne. 

Prof.  G.  A.  LEBOUR,  M.A.,  F.G.S.,  Durham  College  of  Science,  Newcastle. 

GEO.  MAY,  Esq.,  Harton  Colliery  Offices,  near  South  Shields. 

Prof.  J.  H.  MERIV^ALE,  M.A.,  2,  Victoria  Villas,  Newcastle-on-Tyne. 

M.  W.  PARRINGTON,  Esq.,  Wcarmouth  Colliery,  Sunderland. 

A.  M.  POTTER,  Esq.,  Shire  Moor  Colliery,  Earsdon,  Newcastle. 

R.  ROBINSON,  Esq.,  Howlish  Hall,  near  Bishop  Auckland. 

A.  L.  STEAVENSON,  Esq.,  Durham. 

J.  G.  WEEKS,  Esq.,  Bedlington,  R.S.O.,  Northumberland. 

W.  H.  WOOD,  Esq..  Coxhoe  Hall,  Coxhoe,  County  Durham. 


f^ 


/Sir  GEORGE  ELLIOT, Bart., M.P.,  D.C.L.,  Houghton  Hall,  Fence  Houses.^ 

E.  F.  BOYD,  Esq.,  F.G.S.,  Moor  House,  Leamside,  Fence  Houses. 

Sir    W.    G.    ARMSTRONG,   C.B.,   LL.D.,   F.R.S.,  D.C.L..    Jesmond, 
Newcastle-on-Tyne. 
5^  ;  LINDSAY  WOOD,  Esq.,  Southill,  Chester-le-Street. 
S*     G.  C.  GREEXWELL,  Esq.,  F.G.S.,  Elm  Tree  Lodge,  Duffield,  Derby. 
■       G.   B.    FORSTER,  Esq.,  M.A.,  F.G.S.,  Le-sbury,  R.S.O.,Northumberland. 

JOHN  DAGLISH,  E.sq.,  Marsden,  South  Shields.  / 


S-l 

Ph 


JOHN  MARLEY,  Esq.,  Thornfield.  Darlington.  1  Retiring  Vice- 

\  J.  B.  SIMPSON,  Esq.,  F.G.S.,Hedgefield  House,  Blaydon-on-Tyne.  j     Presidents. 

THEO.  WOOD  RUNNING,  Neville  Hall.  Newcastle-on-Tyne, 

d 
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AUGUST,  1886. 


Original  Stmbi;rs. 


Marked  *  are  Life  Members. 

1  Adams,  W.,  15,  Park  Place,  Cardife        

2  Aitkin,  Henry,  Falkirk,  N.B 

3  Anderson,  C.  W.,  Belvedere,  Harrogate 

4  Andrews,  Hugh,  Swarland  Hall,  Feltou,  Northumberland  ... 

5  Applebt,  C.  E.,  Charing  Cros.s  Chamber.?,  Duke  St.,  Adelphi,  London 

6  Archer,  T.,  Dunston  Engine  Works,  Gateshead 

7  Abmsteong,    Sir  W.  G.,  C.B.,   LL.I).,   P.E.S.,    D.C.L.,    Jesmond, 

Newcastle-on-Tyne  (Past  President,  Member  of  Council) 

8  Armstrong,   Wm.,   F.G.S.,   Pelaw  House,  Chester -le-Street  (Vice- 

President)     

9  Armstrong,  W.,  Jun.,  Wingate,  Co.  Durham  (3f ember  of  Council)... 

10  Armstrong,  W.  L.,  Oaklands  Rock,  near  Bewdley      

11  Arthur,  D.,  M.E.,  Sherfiu  House,  Baxenden,  nr.  Accrington,  Manchester 

12  Ashworth,  James,  Stanley  Hall,  near  Derby  ...         

13  AsQuiTH,  T.  W.,  Harperley,  Lintz  Green,  Ne\vcastle-on-Tyne 

14  Atkinson,  J.  B.,  Stocksfield-on-Tyne  fllember  of  CouncilJ 

15  Atkinson,  W.  N.,  ShinclifFe  Hall,  Durham      

16  Aubrey,  R.  C,  Wigan  Coal  &  Iron  Co.  Ld.,  Standish,  near  Wigan  ... 

17  AusTiNE,  John,  Cadzow  Coal  Co.,  Glasgow 

18  Aynsley,  Wm.,  Chiltou  Colliery,  Fence  Houses 

19  Bailes,  George,  Murton  Colliery,  Sunderland  

20  Bailes,  T.,  6,  CoUingwood  Terrace,  Jesmond  Gardens,  Newcastle    . . . 

21  Bailes,  W.,  Cortonwood  Collieries,  Wombwell,  near  Barnsley 

22  Bailey,  Samuel,  Perry  Barr,  Birmingham 

23  Bain,  R.  Donald,  Newport,  Monmouthshire 

24  Bainbridge,  E.,  Nunnery  Colliery  Offices,  Sheffield 

25  Banks,  Thomas,  60,  King  Street,  Manchester 

26  Barclay,  A.,  Caledonia  Foundry,  Kilmarnock 

27  Bartholomew,  C,  Castle  Hill  House,  Ealing,  London,  W 

28*Baetholomew,  C.  W.,  Blakcsley  Hall,  near  To wcester  

29  Bassett,  A.,  Tredegar  Mineral  Estate  Office,  Cardiff 

30  Bates,  Matthew,  Bews  Hill,  Blaydon-on-Tyne  

31  Bates,  W.  J.,  Winlaton,  Blaydon-on-Tyne        

32  Batey,  John,  Newbury  Collieries,  Coleford,  Bath       

33  Beanlands,  A.,  M.A.,  North  Bailey,  Durham 

34  Bell,    Sir  Lowthian,  Bart.,    F.R.S.,  F.C.S.,  Rounton    Grange, 

Northallerton,  (President) 


ELECTED 

1854 

Mar. 

2, 1865 

Aug. 

21,  1852 

Oct. 

5,  1872 

Aug. 

1,  1861 

July 

2,  1872 

May 

3,  1866 

Aug. 

21,  1852 

April 

7,  1867 

Mar. 

3,  1864 

Aug. 

4,  1877 

Feb. 

5,  1876 

Feb. 

2,  1867 

Mar. 

5,  1870 

June 

6,  1868 

Feb. 

5,  1870 

Nov. 

4,  1876 

Mar. 

3,  1873 

Feb. 

3,  1877 

Oct. 

7,  1858 

April 

7,  1877 

June 

2,  1859 

Mar. 

3,  1 873 

Dec. 

3,  1863 

Aug. 

4,  1877 

Dec. 

6,  1866 

Aug. 

5,  1853 

Dee. 

4,  1875 

1853 

Mar. 

3,  1874 

Mar. 

3,  1873 

Dec. 

5,  1868 

Mar, 

7,  1867 

July 

6,  1854 

(xxi) 

FI.KCTKP, 

35  Bkll,  John,  Messrs.  Bell  Brothers,  Middlesbro'-on-Tces        Oct.  1,1857 

30  Bexsox,  J.  G.,  Accountant,  12,  Grey  Street,  Ne\vcastle-on-Tync       ..    Nov.  7,  1874 

37  Bexsox,  T.  VV.,  11,  Newgate  Street,  Newcastle  fMember  of  Council)  Aug.  2,  1866 

38  Beisklev,  C,  Marley  Hill,  Whickhani,  R.S.O.,  Co.  Durham  (Vicu- 

Pkesidext) Aug.  21, 1852 

39  Bewick,  T.  J.,  M.I.C.E.,  F.G.S.,  Haydon  Bridge,  Northumberland 

(Vice-Peesidext) April  5,1860 

40  BiGLAND,  J.,  Bedford  Lodge,  Bishop  Auckland            June  4,  1857 

41  BiRAM,  B.,  Peaseley  Cross  Collieries,  St.  Helen's,  Lancashire            ...  1856 

42  Black,  W.,  Hed worth  Villa,  South  Shields       April  2,  1870 

43  Bolton,  H.  H.,  Newchurch  Collieries,  near  Manchester         Dec.  5,  1868 

44  BooTir,  R.  L.,  Ashington  Colliery,  near  Morpeth         1864 

45  BoTD,  E.  F.,  Moor  House,  Leamside,  Fence  Houses  (Past  Pbesident, 

Memler  of  Council) Aug.  21,  1852 

46  BoTD,  R.  F.,  Moor  House,  Leamside,  Fence  Houses  (Mem.  of  CouncilJ  Nov.  6,  1869 

47  Boyd,    Wm.,  74,  Jesmond   Road,   Newcastle-on-Tyne          Feb.  2,  1867 

48  Breckox,  J.  R.,  32,  Fawcett  Street,  Sunderland          ...         Sept.  3,1864 

49  Brettell,  T.,  Mine  Agent,  Dudley,  Worcestershire     Nov.  3,1866 

50  Bromilow,  Wm.,  Preesgweene,  near  Chirk,  North  Wales      Sept.  2,1876 

51  Browx,  John,  Priory  Place,  155,  Bristol  Road,  Birmingham            ...  Oct.  5,  1854 

52  Brown,  J.  N.,  56,  Union  Passage,  New  Street,  Birmingham             ...  1861 

53  Brown,  Tnos.  Forster,  Guildhall  Chambers,  Cardiff            1861 

54  Browne,  B.  C,  M.I.C.E.,  2,  Granville   Road,   Jesmond,   Newca.stle 

(Memler  of  CouncilJ  Oct.  1,1870 

55  Brtham,  William,  Rosebridge  Colliery,  Wigan         Aug.  1,  1861 

56  Brth AH,  W.,  Jun.,  Douglas  Bank  Collieries,  Wigan  Aug.  3,1865 

57  BuNNiNG,    Theo.    Wood,   Neville    Hall,   Newcastle-on-Tyne 

(Secretary  and  Treasurer)  1864 

58*BrRN3,  Datid,  C.E.,  F.G.S.,  Clydesdale  Bank  Bgs.,  Bank  St.,  Carlisle  May    5,  1877 

59  Burrows,  J.  S.,  Yew  Tree  House,  Atherton,  near  Manchester  . . .  Oct.    11,  1873 

60  Campbell,  W.  B.,  Consulting  Engineer,  Grey  Street,  Newcastle 

61  Care,  Wm.  Cochran,  South  Bcnwell,  Newcastle-on-Tyne     ... 

62  Chambers,  A.  M.,  Thorncliffe  Iron  Works,  near  Sheffield 

63  Cheesman,  I.  T.,  Throckley  Colliery,  Newcastle-on-Tyne 

64  Cheesman,  W.  T.,  Wire  Rope  Manufacturer,  Hartlepool 

65  Childe,  Rowland,  Wakefield,  Yorkshire         ...» 

66  Clarence,  Thomas,  Elswick  Colliery,  Newcastle-on-Tyne     ... 

67  Clark,  C.  F.,  Garswood  Coal  and  Iron  Co.,  near  Wigan 

68  Claek,  R.  B.,  Marley  Hill,  near  Gateshead 

69  Clark,  W.,  M.E.,  The  Grange,  Teversall,  near  Mansfield 

70  Clarke,  William,  Victoria  Engine  Works,  Gateshead 

71  Cocheane,  B.,  Aldin  Grange,  Durham  ... 

72  Cochrane,  C,  Green  Royde,  Pedmore,  near  Stourbridge 

73  Cochrane,  W.,  St.  John's  Chambers,  Grainger  Street  West,  Newcastle 

(Vice-Peesident) 1859 

74  Cole,  Richaed,  Walker  Colliery,  near  Newcastle-on-Tyne    ...  .  April   5,  1873 


Oct. 

7,  1876 

Dec. 

3,  1857 

Mar. 

6,  1869 

Feb. 

1,  1873 

Feb. 

5,  1876 

May 

15,  1862 

Dec. 

4,  1875 

Aug. 

2,  1866 

May 

3,  1873 

April 

7,  1866 

Dec. 

7,  1867 

Dec. 

6,  1866 

June 

3,  1857 

(xxii) 

75  Cole,  Robert  Heath,  Lord  Street,  Basford,  Stoke-ujion-Trent 

76  CoLLis,  W.  B.,  Swiiiford  House,  Stourbridge,  Worcestershire 

77  Cook,  J.,  Juu.,  Washington  Iron  Works,  Gateshead    ... 

78  CoOKSET,  Joseph,  West  Bromwich,  Staffordshire 

79  Cooper,  T.,  Rosehill,  llotherham,  Yorkshire      

80  CoRBETT,  V.  W.,  Chilton  Moor,  Fence  Houses 

81  CoEBiTT,  M.,  Wire  Rope  Manufacturer,  Teams,  Gateshead     ... 

82  CouLSON,  F.,  10,  Victoria  Terrace,  Durham      

83  CouLSOX,  W.,  32,  Crossgate,  Durham     

84  COWEN,  Jos.,  Blaydon  Burn,  Xewcastle-on-Tyne 

85  CowEY,  John,  Wearmouth  Colliery,  Sunderland  

86  Cox,  John  H.,  10,  St.  George's  Square,  Sunderland     

87*CoxE,  E.  B.,  Drifton,  Jeddo,  P.  0.  Luzerne  Co.,  Penns.,  U.S. 

88  CoxoN,  S.  B.,  3,  Poets'  Corner,  Westminster,  London 

89  Crawford,  T.,  Littletown  Colliery,  near  Durham        

90  Crawford,  T.,  3,  Grasmere  Street,  Gateshead-on-Tyne 

91  Crawford,  T.,  Jun.  Littletown  Colliery,  near  Durham 

92  Crawshat,  E.,  Gateshead-on-Tyne         

93  Crawshat,  G.,  Gateshead-on-Tyne         

94  Crone,  E.  W.,  Killlngworth  Hall,  near  Newcastle-on-Tyne    ... 

95  Crone,  J.  R.,  Tudhoe  House,  via  S^Jennymoor  ... 

96  Crone,  S.  C,  Killingworth  Hall,  Newcastle     

97  Cross,  John,  77,  King  Street,  Manchester        

98  Croudace,  C.  J.,  Bettisfield  Colliery  Co.,  Limited,  Bagillt,  N.  Wales     Nov.    2,  1872 

99  Croudace,  John,  West  House,  Haltwhistle      June    7,1873 

100  Croudace,  Thomas,  Lambton  Lodge,  New  South  Wales       ...         ...  1862 

101  Daglish,  John,  P.G.S.,  Marsden,  South  Shields  (Past  President, 

Member  of  Council) Aug.  21,  1852 

102  Daglish,  W.  S.,  Solicitor,  Newcastle-on-Tyne July  2,1872 

103  Dale,  David,  West  Lodge,  Darlington Feb.  5,1870 

104  D'Andrimont,  T.,  Liege,  Belgium          Sept.  3,1870 

105  Daniel,  W.,  Steam  Plough  Works,  Leeds        June  4,1870 

106  Darling,  Fenwick,  South  Durham  Colliery,  Darlington       Nov.  6,  1875 

107  Darlington,  James,  Black  Park  Colliery,  Ruubon,  North  Wales    ...  Nov.  7,1874 

108  Darlington,  John,  2,  Coleman  Street  Buildings,  Moorgate  Street, 

Great  Swan  Alley,  London    ...         ...         ...         ...         ...         ...  April   1,1865 

109  Davey,  Henry,  C.E.,  Leeds         Oct.    11,1873 

110  Dees,  R.  R.,  Solicitor,  Newcastle-on-Tyne         Oct.     7,1871 

111  Dixon,  D.  W.,  Lump.sey  Mines,  Brotton,  Saltburn-by-the-Sea  ...  Nov.    2,1872 

112  Dixon,  Nich.,  Dudley  Colliery,  Dudley,  Northumberland      Sept.    1,  1877 

113  Dixon,  R.,  Wire  Roi^e  Manufacturer,  Teams,  Gateshead        ...         ...  June    5,1875 

114  DODD,  B.,  Bearpark  Colliery,  near  Durham        ...  ...  May     3,  1866 

115  DoDDS,  Joseph,  M.P.,  Stockton-on-Tees  Mar.    7,1874 

116  Douglas,  C.  P.,  Parliament  Street,  Consett,  Co.  Durham       Mar.    6,1869 

117  Douglas,  T.,  Peases' West  Collieries,  Darlington  (Vice-President)...  Aug.  21,1852 

118  Dote,  G.,  Viewfield,  Stanwix,  Carlisle July     2,1872 
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1853 

June 
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(xxiii) 

ELECTED. 

119  I')owr>ESWELT>,  H.,  Buttcvknowle  Colliery,  r/rt  Darlington      ...         ...  April    5,1873 

120  Dtsox,  George,  MiiUUcsbro'       June    2,  18G6 

121  Dysox,  O.,  Pooley  Hall  Colliery,  Polcsworth,  near  Tamworth  ...   Mar.    2,  1872 

122  Elliot,  Sir  George,  Bart.,  M.P.,  D.C.L.,  Houghton    Hall,  Fence 

Hovisci.  (l^AST  VRESiDEyr,  Member  of  CouncilJ Aug.  21,  1852 

123  Elsdox,  Robert,  76,  Manor  Road,  Upper  New  Cross,  London          ...  Nov.    4,  1876 
12 1  EiiBLETOX,  T.  W.,  The  Cedars,  Methley,  Leeds  Sept.    6,1855 

125  Embletox,  T.  W.,  Jun.,  The  Cedars,  Methley,  Leeds Sept.    2,1865 

126  Emixsox,  J.  B.,  Londonderry  Offices,  Seahani  Harbour  ...  ...   Mar.    2,  1872 

127  Ever.vrd,  I.  B.,  M.E.,  6,  Millstone  Lane,  Leicester      Mar.    6,1869 

128  Farmer,  A.,  Seaton  Garew,  near  West  Hartlepool        Mar.    2,1872 

129  Farrar,  James,  Old  Foundry,  Barnsley  July    2,1872 

130  Fatell,  Thomas  M.,  Etruria  Iron  Works,  near  Stoke-on-Trent       ...  April   5,  1873 

131  Fexwick,  Barxabas,  84,  Osbonie  Road,  Newcastle-on-Tyne  ...  Aug.    2,1866 

132  Ferexs,  RoBixsox,  Oswald  Hall,  near  Durham  April   7,1877 

133  Fidler,  E.,  Piatt  Lane  Colliery,  Wigan,  Lancashire   ...  ...  ...  Sept.    1,1866 

134  Fletcher,  H.,  Lady.shore  Coll.,  Little  Lever,  Bolton,  Lancashire     . . .  Aug.    3,  1S65 

135  Fletcher,  Jas.,   Manager,   Co-oi)erative   Collieries,  Wallsend,   near 

Newcastle,  New  South  Wales  ...  Sept.  11,  1875 

136  Fletcher,  JoHX,  Rock  House,  Ulverstone       July    2,1872 

137  FoGGix,  Wm.,  North  Biddick  Coll.,  Washington  Station,  Co.  Durhana  Mar.    6,  1875 

138  Fobster,  G.    B.,   M.A.,  F.G.S.,  Lesbury,    R.S.O.,    Northumberland 

(Past  FRESiDEyj,  3Iemier  of  Council)     Nov.  5,1852 

139  Forster,  J.  R.,  Water  Company's  Office,  Newcastle-on-Tyne  ...  July  2,1872 

140  Forster,  J.  T.,  Burnhope  Colliery,  near  Lanchester,  Co.  Durham     ...  Aug.  1,  1868 

141  Forster,  R.,  25,  Old  Elvet,  Durham      Sept.  5,1868 

142  Foster,  George,  Osmondthorpe  Colliery,  near  Leeds  ...         ...         ...  Mar.  7,1874 

143  France,  Francis,  St.  Helen's  Colliery  Co.  Ld.,  St.  Helen's,  Lancashire  Sept.  1,  1877 

144  France,  W.,  Lofthouse  Mines,  Loftus-in-Cleveland,  R.S.O April  6,1867 

145  Franks,  Geo.,  Victoria  Garesfield  Colliery,  Lintz  Green,  Newcastle.,.  Feb.  6,1875 

146  Galloway,  T.  Lindsay,  M.A.,  Argyll  Colliery,  Campbeltown,  N.B.  Sept.   2,  1876 

147  Gerhard,  John,  Westgate,  Wakefield 

148  Gillett,  F.  C,  20,  Midland  Road,  Derby  

149  GiLPix,  Edwin,  75,  Birmingham  Street,  Halifax,  Nova  Scotia 

150  G I LROY,  G.,  Woodlands,  Parbold,  near  Wigan 

151  GiLEOY,  S.  B.,  Mining  Engineer,  Hednesford,  Stafford 

152  Gjees,  JoHX,  Southfield  Villas,  Middlesbro'      

153  GoDDARD,  F.  R.,  Accountant,  Newcastle-on-Tyne 

154  GoEDOX,  James  N.,  c'o  W.  Nicolson,  5,  Jeffrey's  Square,  St.  Mary 

Axe,  London,  E.C. 

155  Grace,  E.  N.,  Dliadka,  Assensole,  Bengal,  India 

156  Geeates,  J.  O.,  St.  John's,  Wakefield 

157  Geeex,  J.  T.,  Mining  Engineer,  Ty  Celyn,  Abercarne,  Newport,  Mon.  Dec. 

158  Greexee,  John,  General  Manager,  Vale  Coll.,  New  Glasgow,  Pictou, 

Nova  Scotia Feb.     6,1875 
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(xxiv) 


159  Greenwell,  G.  C,  Elm  Tree  Lodge,  DuffielcL  Derby  (Past  Presi 

-D'ES'S,  Memher  of  CouncilJ  ...  

160  Greenwell,  G.  C,  Jun.,  Poynton,  near  Stockport         

161  Gkeig,  D.,  Leeds 

162  Gre\',  C.  G.,  Land  Commission,  21,  Upper  Merrion  Street,  Dublin 

163  Grieves,  D.,  Brancepeth  Colliery,  Willington,  County  Durham 
161  Griffith,  N.  R.,  Wrexham         

165  Grimshaw,  E.  J.,  23,  Hardshaw  Street,  St.  Helen's,  Lancashire 

166  Haggie,  D.  H.,  Wearmouth  Patent  IloiJe  ^Vorks,  Sunderland 

167  Haggie,  P.,  Gateshead 
16S*HAGrE,  Ernest,  Castle  Dyke,  Sheffield  

169  Haines,  J.  Richard,  Adderley  Green  Colliery,  near  Longton 

170  Hales,  C,  Nerquis  Cottage,  Nerquis,  near  Mold,  Flintshire   . . . 

171  Hall,  M.,  Lofthouse  Station  Collieries,  near  Wakefield 

172  Hall,  M.  S.,  8,  Victoria  Street,  Bishop  Auckland        

173  Hall,  Wm.,  East  Hetton  Colliery  Office,  Coxhoe,  Co.  Durham 

174  Hall,  William  F.,  Haswell  Colliery,  Fence  Houses   ... 

175  Hann,  Edmund,  Aberaman,  Aberdare    ... 

176  Harbottle,  W.  H.,  Orrell  Colliery,  near  Wigan 

177  Hargreates,  William,  Rothwell  Haigh,  Leeds         

178  Harle,  Richard,  Browney  Colliery,  Durham  ... 

179  Harle,  William,  Pagebank  Colliery,  near  Durham    ... 

180  Harrison,  R.,  Eastwood,  near  Nottingham 

181  Harrison,  T.  E.,  C.E.,  Central  Station,  Newcastle-on-Tyne  ... 

182  Harrison,  W.  B.,  Brownhills  Collieries,  near  Walsall 

183  Hat,  J.,  Jun.,  Widdrington  Colliery,  Acklington 

184  Heckels,  Matthew,  F.G.S.,  Walker  Colliery,  Newcastle-on-Tyne 

185  Heckels,  W.  J.,  Evenwood,  Bishop  Auckland 

186  Hedlet,  J.  J.,  Consett  Collieries,  Leadgate,  County  Durham 

187  Hedley,  J.  L.,  Flooker's  Brook,  Chester 

188  Hedley,  T.  F.,  Valuer,  Sunderland        ...         

189  Hedley,  W.  H.,  Consett  Collieries,  Medomsley,  Newcastle-on-Tyne 

190  Henderson,  H.,  Pelton  Colliery,  Chester-le-Street      

191  Heppell,  T.,  Leafield  House,  Birtley,  Chester-le-Street  (Memher 

Council) 

192  Heppell,  W.,  Western  Hill,  Durham     

193  Herdman,  J.,  Park  Crescent,  Bi-idgend,  Glamorganshire 

194  Heslop,  C,  Lingdale  Mines,  via  Skelton,  R.S.O.,  Yorks. 

195  Heslop,  Grainger,  Whitwell  Coal  Company,  Sunderland 

196  Heslop,  J.,  Cavendish  Hill,  Sherwood,  Nottingham    ... 

197  Hetherington,  D.,  Coxlodge  Colliery,  Newcastle-on-Tyne    ... 
198*Hewitt,  G.  C,  Coal  Pit  Heath  Colliery,  near  Bristol 

199  Hewlett,  A.,  Haseley  Manor,  Warwick  

200  HiGSON,  Jacob,  94,  Cross  Street,  Manchester    ... 
201*Hilton,  J.,  Wigan  Coal  and  Iron  Co.,  Limited,  Wigan 
202  Hilton,  T.  W.,  Wigan  Coal  and  Iron  Co.,  Limited,  Wigan    . . . 
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(XXV) 

la.KCTFD. 

203  Hodgson,  J.  W Feb.  5, 1K70 

20-t  IIOLLiuAV,  Martin  F.,  Langley  Grove,  Durham          May  1,  1875 

205  HoL.MKs,  C,  Grange  Hill,  near  Bishoi)  Aueklaiid          April  11,  1874 

206  Homer,  Charles  J.,  Mining  Engineer,  Stoke-on-Trent        Aug.  3,  18G5 

207  Hood,  A.,  6,  Bute  Crescent,  CardifE        April  18,  1861 

208  Hope,  George,  Success  House,  Fence  Houses Fob.  3,  1877 

209  HoRXSBT,  H.,  Hamsteels  Colliery,  near  Durham          Aug.  1,  1874 

210  HoRSLEV,  W.,  Whitehill  Point,  Percy  Main,  Newcastle-on-Tyne       . . .  Mar.  5,  1857 

211  HosKOLD,  H.  D.,  C.  and  M.E.,  F.R.G.S.,  F.G.S.,  M.  Soc.  A.,  &c.       ...  April  1,  1871 

212  Howard,  W.  F.,  13,  Cavendish  Street,  Chesterfield     Aug.  1,1861 

213  Hr-MBLE,  Jo:iN,  West  Pelton,  Chester-le-Street            Mar.  4,1871 

214  HriiBLE,  Jos.,  Staveley  Works,  near  Cliesteriield         ...         ...         ...  June  2,1866 

215  H  INTER,  J.,  VV^aratah  Coal  Co.,  Cliarlestown,  N.S.  Wales,  Australia...  Mar.  6,  1869 

216  Hunter,  W Oct.  3,1861 

217  Hunter,  W.  S.,  34,  Grey  Street,  Newcastle-on-Tyne Feb.  1,1868 

218  Hurst,  T.  G.,  F.G.S.,  Osborne  Road,  Newcastle-on-Tyne  (Member  of 

CouncllJ           Aug.  21,  1852 

219  Jackson,  C.  G.,  Chamber  Colliery  Co.,  Limited,  HoUinwood...         ...  June  4,1870 

220  Jackson,  W.  G.,  Loscoe  Grange,  Normantou,  Yorkshire        ...         ...  June  7,  1873 

221  Jarratt,  J.,  Houghton  Main  Colliery,  near  Barnsley  ...         ...         ...  Nov.  2,1867 

222  Jeffcock,  T.  W.,  18,  Bank  Street,  Sheffield      Sept.  4,1869 

223  Jenkins,  W.,  M.E.,  Ocean  S.C.  Colls.,  Ystrad,  nr.  Pontypridd,  So.  Wales  Dec.  6,  1862 

224  Jenkins,  Wm.,  Consett  Iron  Works,  Consett,  Durham            May  2,  1874 

225  Johnson,  JouN,  M.I.C.E.,  F.G.S.,  21,  Grainger  St.  W.,  Newcastle    Aug.  21,  1852 

226  Johnson,  J.,  Carlton  Main  Colliery,  Barnsley Mar.  7,  1874 

227  Johnson,  R.  S.,  Sherburn  Hall,  Durham          Aug.  21, 1852 

228  JoiCEY,  J.  G.,  Forth  Banks  West  Factory,  Newcastle-on-Tyne         ...  April  10, 1869 

229  JoiCEV,  W.  J.,  Urpeth  Lodge,  Chester-le-Street           Mar.  6,1869 

230  Kendall,  John  D.,  Roper  Street,  Whitehaven           Oct.  3,1874 

231  KiJiPTON,  J.  G.,  40,  St.  Mary's  Gate,  Derby      Oct.  5,  1872 

232  KiRKBY,  J.  W.,  Ashgrove,  Windygates,  Fife     ...         ...         ...         ...  Feb.  1,1873 

233  Knowles,  A.,  Swiutou  Old  Hall,  Manchester Dec.  5,1856 

23 1  Knowles,  John,  Westwood,  Pendlebury,  Manchester            ...         ...  Dec.  5,1856 

235  Lamb,  R.,  Bowthorn  Colliery,  Cleator  Moor,  near  Wliitehaven          ...  Sept.  2,1865 

236  Lamb,  R.  O.,  The  Lawn,  Ryton-ou-Tyne           Aug.  2,1866 

237  Lamb,  Richard  W.,  29,  Great  Cumberland  Place,  London Nov.  2,  1872 

238  Lambert,  M.  W.,  Widdrington  Office,  Quay,  Newcastle-on-Tyne     ...   July  2,1872 

239  Lancaster,  John,  Bilton  Grange,  Rugby         Mar.  2,1863 

240  Landale,  A.,  Echo  Bank,  Inverkeithing,  Fife Dec.  2,1858 

241*Laporte,  Henry,  M.E.,  80,  Rue  Royale,  Brussels      May  5,1877 

242  Laverice,  Robt.,  West  Raiuton,  Fence  Houses           Sept.  2,  1876 

243  Lawrence,  Henry,  Grange  Iron  Works,  Durham  (Mem.  of  CouncUJ  Aug.  1,  1868 

244  Laws,  H.,  Grainger  Street  W.,  Newcastle-on-Tyne        Feb.  6,1869 

245  Leboue,  G.  a.,  M.A.,  F.G.S.,  Durham  College  of  Science,  Newcastle, 

(Member  of  Council)            Feb.  1,1873 
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(xxvi) 

246  Lee.  George.  18,  Newcumen  Street,  Coatham,  Redcar 

247  Leslie,  Andrew,  Coslodge  Hall,  Gosforth,  Newcastle-on-Tyne 

248  Lever,  Ellis,  Bowdon,  Cheshire  ...         ...         

249  Lewis,  Sir  William  Thomas,  Mardy,  Aberdare        

250  Liddell,  G.  H.,  Somerset  House,  Whitehaven 

251  LiNSLET,  R.,  Cramlington  Colliery,  Northumberland  ... 

252  LiNSLEY,  S.  W.,  Whitburn  Colliery,  South  Shields       

253  LiSHMAN,  T.,  Jun.,  Hetton  Colliery,  Fence  Houses 

254  LiSHMAN,  Wm.,  Witton-le-Wear 

255  Lishman,  Wm.,  Bunker  Hill,  Fence  Houses 

256  LiVESEY,  C,  Bradford  CoUiei-y,  near  Manchester 

257  Li VESE Y,  T.,  Bradford  Colliery,  near  Manchester 

258  Llewelyn,  L.,  Abersychan  House,  Abersychan 

259  TjOGAn,  William,  Langley  Park  Colliery,  Durham     ... 

260  Loxgbotham,  J.,  Barrow  Collieries,  Bavnsley,  Yorkshire 

261  Loxgridge,  J.  A.,  15,  Great  George  Street,  Westminster,  London,  S.W.  Aug.  21,1852 

262  LUPTON,  A.,  F.G.S.,  4,  Albion  Place,  Leeds        Nov.    6.1869 

263  Maddison,  Hexry,  The  Lindens,  Darlington Nov.  6,  1875 

264  Maling,  C.  T.,  Ford  Pottery,  Newcastle-on-Tyne        Oct.  5,1872 

265  Mammatt,  J.  E.,  C.E.,  St.  Andrew's  Chambers,  Leeds            1864 

266  Maeley,  John,  Thornfield,  Darlington  (Retiring  Vice-President, 

Member  of  Council  J Aug.  21,  1852 

267  Maeley,  J.  W.,  Marley,  Pinching,  &  Marley,  41,  Threadneedle  St,  London  Aug.  1,  1868 

268  Marshall,  F.  C,  Messrs.  R.  &  W.  Hawthorn,  St.  Peters,  Newcastle.  Aug.  2, 1866 

269  Maeston,  W.  B.,  Lecswood  Yale  Oil  Works,  Mold     Oct.  3,  1868 

270  Marten,  E.  B.,  C.E.,  Pedmore,  near  Stourbridge         July  2,1872 

271  Matthews,  R.  F.,  Ridley  Hall,  Bardon  Mill,  Carlisle Mar.  5,  1857 

272  Maughan,  J.  A.,  Nerbudda  Coal  &  Iron  Co.  Ld.,  Garrawarra,  C.  P.,  India  Nov.  7,  1863 

273  May,  Geo.,  Harton  Colliery  Offices,  nr.  So.  Shields  CJ^em.  of  Council)  Mar.  6,  1862 

274  McCeeath,  J.,  95,  Bath  Street,  Glasgow           Mar.  5,1870 

275  McCuLLOCH,  David,  Beech  Grove,  Kilmarnock,  N.B.             Dec.  4,1875 

276  McGniE,  T.,  Loch  Yiew,  Burnside,  Rutherglen,  near  Glasgow          ...   Oct.  1,  1857 

277  McMuETRiE,  J.,  Radstock  Colliery,  Bath          Nov.  7,1863 

278  Meria^ale,  Peof.  J.  H.,  M.A.,  2,  Victoria  Villas,  Newcastle-on-Tyne 

(Memler  of  Council)  May     5,1877 

279  Miller,  Robert,  Beech  Grove,  Locke  Park,  Barnsley  Mar.    2,  1865 

280  Mills,  M.  H.,  Kirklye  Hall,  Alfreton Feb.     4,1871 

281  Mitchell,  Chas.,  Jesmond,  Newcastle-on-Tyne  April  11, 1874 

282  Mitchell,  Joseph,  Bolton  Hall,  Rotherham   ...  Feb.  14,1874 

283  MiTCHiNSON,  R.,  Jun.,  Pontop  Coll.,  Lintz  Green  Station,  Co.  Durham  Feb.     4,  1865 

284  Moffat,  T.,  Montreal  Iron  Ore  Works,  Whitehaven  Sept.    4,1869 

285  Monkhouse,  Jos.,  Gilcrux,  Cockermouth         June    4,  1863 

286  Moor,  T.,  Cambois  Colliery,  Blyth  Oct.     3,1868 

287  Moor,  Wm.,  Jun.,  Hetton  Colliery,  Fence  Houses       July     2,1872 

288  Moore,  R.  W.,  Colliery  Office,  Whitehaven      Nov.    5,1870 

289  Morris,  W.,  Waldridge  Colliery,  Chester-le- Street      1858 
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5,  1875 

Aug. 

2,  1873 

1869 

May 

2,  1868 

May 

2,  1863 

Aug. 

7,  1869 

Nov. 

7, 1863 

Feb. 

3,  1866 

Oct. 

6,  1864 

(xxvii) 

290»MOKTO>-,  H.  J..  2,  Wostbouriie  Villas,  South  Cliff,  Scarborough 

291  Morton',  II.  T.,  Lambton,  Fence  Houses  

292  Moses,  Wm.,  WariUey  Colliery,  Newcastle-on-Tyue     

293  MrxDLE,  AiMurii,  St.  Nicholas'  Chambers,  Newcastle-on-Tyne 
29-t  MrXDLE,  W.,  ]{edes(lale  Minos,  Bellingliam      

295»Xasse,  Rtdolph,  Oberbergrath,  Dortmund,  Prussia 

296  Nevix,  John,  Dunbottle  House,  Mirfield,  Normantou  

297  Xewall,  R.  8.,  Ferndene,  Gateshead-on-Tyne 

298  NicnoL:-ox,  E.,  Jun.,  Beamish  Colliery,  Chester-le-Street      

299  XicnoLSOX,  Mahsiiall,  Middletou  Hall,  Leeds  

300  Noble,    Captaix,    C.B.,  F.R.S.,   F.R.A.S.,  F.C.S.,   Jesmond,    New- 

castle-on-Tyne 

301  North,  F.  W.,  F.G.S.,  Rowley  Hall  Colliery,  Dudley,  Staffordshire...   Oct 

302  Ogdex,  Joux  M.,  Solicitor,  Sunniside,  Sunderland      Mar.    5,1857 

303  Ogilvie,  a.  Gbaeme,  8,  Grove  End  Road,  St.  John's  Wood,  London  Mar.    3,  1877 

304  OiiVER,  Robert,  Charlaw  Colliery,  near  Durham       Nov.    6,1875 

305  Palmer,  A.  S.,  Usworth  Hall,  Washington  Station,  Co.  Durham     ...  July     2,  1872 

306  Palmer,  Sir  Charles  Mark,  Bart.,  M.P.,  Quay,  Newcastle-on-Tyne  Nov.    5,  1852 

307  Pamely,  C,  Springfield,  Berw  Road,  Pontypridd,  South  Wales        ...   Sept.    5,  1868 

308  Panton,  F.  S.,  Silk.sworth  Colliery,  Sunderland  Oct.     5,1867 

309  Parringtox,  M.  W.,  Wearmouth  Coll.,  Sunderland  CMem.  of  CotincilJ  Dec.     1,  1864 

310  Partox,  T.,  F.G.S.,  Hill  Top,  West  Bromwich 

311  Peace,  M.  W.,  Wigan,  Lancashire  

312  Peacock,  David,  West  Bromwich         

313  Pearce,  F.  H.,  Bowling  Iron  Works,  Bradford  

314  Pea.se,  Sir  J.  W..  Bart.,  M.P.,  Hutton  Hall,  Guisbro',  Yorkshire 

315  Peel,  John,  Wharncliffe  Silkstonc  Collieries,  near  Barnsley 

316  Peel,  Johx,  Leasingthorne  Colliery,  Bishop  Auckland 

317  Peile,  William,  Cartgate,  Hensingham,  Whitehaven 

318  Pexman,  J.  H.,  2,  Clarence  Buildings,  Booth  Street,  Manchester 

319  Pickup,  P.  W.,  Ri.shton,  near  Blackburn  

320  Pixching,  Archd.  E.,  41,  Threadneedle  Street,  London 

321  Potter,  Addison,  C.B.,  Heaton  Hall,  Newcastle-on-Tyne     ... 

322  Potter,    A.    M.,    Shire   Moor  Coll.,   Earsdon,  Newcastle   (Mem.    of 

Council) 

323  Potter,  C.  J.,  Heaton  Hall,  Newcastle-on-Tyne  

324* Potter,  W.  A.,  F.G.S.,  Cramlington  House,  Northumberland 

325  Price,  John,  6,  Osborne  Villas,  Jesmond,  Newcastle-on-Tyne 

326  Price,  J.  R.,  Standish,  near  Wigan        

327  Priestmax,  Joxathax,  Coal  Owner,  Newcastle-on-Tyne 

328  Prixgle,  Edward,  Choppington  Colliery;  Northumberland  ... 

329  Ramsay,  J.  A.,  The  Villas,  Middleton-One-Row,  near  Darlington 

330  Ramsay,  Wm.,  Tursdale  Colliery,  County  Durham       


Oct. 

2,  1869 
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2, 1872 

Aug. 

7,  1869 

Oct. 

1,  1857 

Mar. 

5,  1857 

Nov. 

1,  1860 

Mar. 

3, 1877 

Oct. 

1,  1863 

Mar. 

7,  1874 

Feb. 

6,  1875 
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5, 1877 

Mar. 

6,  1869 

Feb. 

3,  1872 

Oct. 

3,  1874 

1853 

IMar. 

3,  1877 

Aug. 

7,  1869 

Sept. 

2,  1871 

Aug. 

4,  1877 

Mar. 

6,  1869 

Sept. : 

11,  1875 

e 

(xxviii) 

ELECTED. 

331  Eeed,  Robert,  Felling  Colliery,  Gateshead       Dec.  3,1863 

332  Rees,  Daniel,  Glaiulare,  Aberdare         1862 

333  Reid,  Andkew,  Newcastle-oii-Tviie        April  2,1870 

334  Richardson,  H.,  Backworth  Colliery,  Newcastlc-on-Tyne Mar.  2,  18G5 

335  Richardson,  J.  W.,  Iron  Shipbuilder,  Newcastle-on-Tyne     ...         ...   Sept.  3,1870 

836  Ridley,  G.,  Tyne  Chambers,  38,  Side,  Newcastle-on-Tyne      Feb.  4,1865 

337  Ridley,  J.  H.,  Messrs.  R.  &  W.  Hawthorn,  Newcastle-on-Tyne        ...  April  6,  1^72 

333  Ridyard,  J.,  Bridgrcwatcr  Offices,  Walkden,  iir.  Bolton-le-Moors,  Lan.  Nov.  7,  1874 

339  EiTSON,  U.  A,  6,  Queen  Street,  Newcastle-on-Tyne Oct.  7,1871 

340  EiTSON,  W.  A.,  Tam worth  Colliery  Co.,  Tamworth       April  2,  1870 

341  Robertson,  W.,  M.E.,  123,  St.  Vincent  Street,  Glasgow         Mar.  5,1870 

342  Robinson,  G.  C,  Brereton  and  Hayes  Colls.,  Rugeley,  Staffordshire...  Nov.  5,  1870 

343  Robinson,  R.,  Howlish  Hall,  near  Bishop  Auckland  (Mem.  of  CouncUJ  Feb.  1,  1868 

344  RoBSON,  J.  S.,  Butterknowle  Colliery,  I'm  Darlington...         ...         ...  1853 

345  RoBSON,  Thomas,  Lumley  Colliery,  Fence  Houses       Oct.  4,1860 

346  EOGERSON,  John,  Croxdale  Hall,  Durham          ...         ...         ...         ...  Mar.  6,1869 

347  RosCAMP,  J.,  Shilbottle  Colliery,  Lesbury,  R.S.O.,  Northumberland...  Feb.  2,  1867 

348  Ross,  J.  A.  G.,  Consulting  Engineer,  13,  Belgrave  Terrace,  Newcastle  July  2,  1872 

349  RossER,  W.,  Mineral  Surveyor,  Llanelly,  Carmarthenshire    ...         ...  1856 

350  RoTHWELL,  R.  P.,  27,  Park  Place,  New  York,  U.S Mar.  5,1870 

351  RouTLEDGE,  Jos.,  Ryhope  Colliery,  Sunderland           Sept.  11,  1875 

352  RoUTLEDGE,  Wii.,  S.  and  L.C.  and  R.  Co.,  Reserve  Colliery,  Sydney, 

Cape  Breton     ...         ...         ...         ...  Aug.  6,  1S57 

353  Rtjiheeford,  J.,  Halifax  Coal  Co.,  Ld.,  Albion  Mines,  Nova  Scotia...  1852 

354  Rutherford,  W.,  So.  Derweut  Colliery,  Anniield  Plain,  Lintz  Green  Oct.  3, 1874 

355  Ryder,  W.  J.  H.,  Forth  Street  Brass  Works,  Newcastle-on-Tyne     . . .  Nov.  4,  1876 

356  Saint,  George,  Vauxhall  Collieries,  Ruabon,  North  Wales April  11,  1874 

357  ScAETH,  W.  T.,  Raby  Castle,  Staindrop,  Darlington April  4,  1868 

358  Scott,  Andrew,  Broomhill  Colliery,  Acklington         Dec.  7,  1867 

359  Scott,  C.  F.,  Medom.sley,  Lintz  Green,  Newcastle-on-Tyne    April  11,  1874 

360  Scoular,  G.,  Cleator  Moor,  I'i'a  Carnforth         July  2,1872 

361  SiiAW,  W.,  Wolsingham,  via  Darlington            ...          ...          ...          ...   June  3,  l!^71 

362  Shiel,  John,  Framwellgate  Colliery,  County  Durham            May  6,1871 

363  Shone,  Isaac,  4,  Westminster  Chambers,  Victoria  Street,  London,  S.W.  1858 

364  Shute,  C.  A.,  Westoe,  South  Shields      April  11,  1874 

365  Simpson,  J.,  Heworth  Colliery,  near  Gateshead-on-Tyne         ...         ...   Dec.  6,1866 

366  Simpson,  J.  B.,  F.G.S.,  Hedgefield  House,  Blaydon-on-Tyne  (Retiring 

Vice-President,  iI/e///Jer  q/"  Co«Mct7_^       

367  Simpson,  R.,  Moor  House,  Ryton-on-Tyne        

368  Simpson,  IIobt.,  Drummond  Coll.,  Westville,  Pictuu,  Nova  Scotia    .. 

369  Slinn,  T.,  2,  Choppington  Street,  Westmorland  Road,  Newcastle     . . , 

370  Smith,  G.  F.,  Grovehurst,  Tunbridge  Wells     

371*Smith,  R.  Clifford,  F.G.S.,  Parkfield,  Swinton,  Manchester 

372  Smith,  T.  E.,  Phcenix  Foundry,  Newgate  Street,  Newcastle-on-Tyne 

373  Sop  WITH,  A.,  Cannock  Chase  Collieries,  near  AVal.sall 

374  SopwiTH,  Thos.,  6,  Great  George  St.,  Westminster,  London,  S.W.  .. 


Oct. 

4,  1860 

Aug. 

21,  1852 

Dec. 

4,  1875 

July 

2, 1872 

Aug. 

5,  1853 

Dec. 

5,  1874 

Dec. 

5,  1874 

Aug. 

1,  1868 

Mar. 

3, 1877 
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ELECTED. 


375  Southern,  R.,  Bm-loij>li  House,  The  Parade,  Tredogarville,  CaidifT  ..  Aug.  3,  1865 

376  SouTUWOETii,  Thos.,  Hiiidley  Green  Collieries,  near  Wigaii May  2,1874 

377  Spencer,  Jonx,  VVcstgatc  Road,  Newcastle-on-Tvne Sept.  4,1869 

378  Spencee,  M.,  Xcwbuni,  near  Xewcastle-on-Ty lie         Sept.  4,1869 

379  Spenceb,  T.,  Ryton,  Xcwcastle-on-Tyne            Dee.  6,  18G6 

380  Spencer,  W.,  Soutlitields,  Leicester        Aug.  21,  1852 

3S1  STEXXEysON,  A.  L.,  lyurham  ^Member  of  Council^     Dec.  6,1855 

382  Stephenson,  G.  R.,  9,  Victoria  Chambers,  Westminster,  London,  S.W.  Oct.  4,  1860 

383  Stevenson,  R.,  Janefield  Place,  Lyleslaiul,  Paisley,  N.B Feb.  5,  1876 

381  Stob.Xrt,  W.,  Pepper  Arden,  Xorthallcrton       July  2,1872 

385  Storey,  Tnos.  E.,  Clough  Hall  Iron  Works,  Kid.sgrove,  Staffordshire  Feb.  5,  1876 

386  Steaker,  J.  H.,  Stagshaw  House,  Corbvidge-on-Tyne             Oct.  3,  1874 

387  Stb.\tton,  T.  H.  M.,  Tredegar,  South  Wales Dec.  3,1870 

388  Swallow,  J.,  Bushblades  House,  Lintz  Green,  Ne\vcastle-on-Tyne  ...  May  2,  1874 

389  Swallow,  R.  T.,  Spriugwell,  Gatesliead-on-Tyne         1862 

390  Swan,  H.  F.,  Shipbuilder,  Newcastle-on-Tyne Sept.  2,1871 

391  Swan,  J.  G.,  Upsall  Hall,  near  Middlesbro'       Sept.  2,1871 

392  SwANN,  C.  G.,  Sec,  General  Mining  Asso.  Ld.,  6,  New  Broad  St.,  London  Aug.  7,  1875 

393  Tate,  Simon,  Trimdon  Grange  Colliery,  Co.  Durham             Sept.  11,  1875 

394  Tatloe,  Hugh,  King  Street,  Quay,  Newcastle-on-Tyne         Sept.  5,1856 

395  Taylor,  T.,  King  Street,  Quay,  Newcastle-on-Tyne July  2,1872 

396  Taylor-Smith,  Thomas,  Greencroft  Park,  Durham Aug.  2,1866 

397  Thompson,  R.,  Jun.,  Rodridge  House,  Wingate,  Co.  Durham            ...  Sept.  7,  1867 

398  Thomson,  John,  Eston  Mines,  by  Middlesbro' April   7,1877 

399  Thomson,  Jos.  F.,  Manvers  Main  Colliery,  Rotherham           Feb.  6,1875 

400  Tinn,  J.,  C.E.,  Ashton  Iron  Rolling  Mills,  Bedminster,  Bristol          ...  Sept.  7,1867 

401  Tylden- Weight,  C,  Priory  Offices,  Dudley,  Worcestershire            ...  1862 

402  Tyson,  Wm.  John,  15,  Foxhouses  Road,  Whitehaven             Mar.  3,1877 

403  TvzACK,  D.,  c/o  Mr.  Donnison,  71,  Westgate  Road,  Newcastle-on-Tyne  Feb.  14,  1874 

404  Tyzack,  Wilfred,  So.  Medomsley  Coll.,  Lintz  Green,  Newcastle     ...  Oct.  7, 1876 

405  Vivian,  John,  Diamond  Boring  Company,  Whitehaven        Mar.  3,1877 

406  Wadham,  E.,  C.  and  M.E.,  Millwood,  Dalton-in-Furness 

407  Walker,  J.  S.,  Pagefield  Iron  Works,  Wigan,  Lancashire     ... 

408  Walker,  W.,  Saltburn-by-the-Sea         

409  Wallace,  Heney,  Trench  Hall,  Gateshead      

410  Ward,  H.,  Rodbaston  Hall,  near  Penkridge,  Stafford 

411  Wardale,  John  D.,  Redheugh  Engine  Works,  Gateshead     ... 

412  Wardell,  S.  C,  Doe  Hill  House,  Alfreton       

413  Watson,  H.,  High  Bridge  Works,  Newcastle-on-Tyne 

414  Watson,  M.,  Curzon  Street,  Maryport 

415  Weeks,  J.  G.,  Bedllngton,  H.S.O.,  Northumberland  CMem.  ofCouncilJ  Feb.  4,  1865 

416  Westmacott,  P.  G.  B.,  Elswick  Iron  Works,  Newcastle        June  2,  1866 

417  White,  H.,  Weardale  Coal  Company,  Tow  Law,  near  Darlington     ...  1866 

418  White,  J.  F.,  M.E.,  Wakefield July  2,1872 
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7, 1867 

Dec. 

4,  1869 

Mar. 

5,  1870 

Nov. 

2,  1872 
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6,  1862 
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1,  1875 
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1,  1865 
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7,  1868 

Mar. 

7,  1868 

(xxx) 

419  White,  J.  W.  H.,  Woodlesford,  near  Leeds      

420  Whitehead,  James,  Brindle  Lodge,  near  Preston,  Lancashire 

421  Whitelaw,  John,  118,  George  Street,  Edinburgh 

422  Whittem,  Thos.  S.,  Wyken  Colliery,  near  Coventry 

423  WiDDAS,  C,  North  Bitchbnrn  Colliery,  Howden,  Darlington... 

42 1  Wight,  W.  H.,  Cowpen  Colliery,  Blyth 

425  Wild,  J.  G.,  Hedley  Hope  Collieries,  Tow  Law,  by  Darlington 

426  Williamson,  John,  Cannock  &c.,  Collieries,  Hednesford 

427  Willis,  J.,  14,  Portland  Terrace,  Newcastle  (Vice-Pbesident) 

428  Wilson,  J.  B.,  Wingfield  Iron  Works  and  Colliery,  Alfreton... 

429  Wilson,  Robert,  Fliraby  Colliery,  Maryport 

430  Wilson,  W.  B.,  Kijipax  Colliery,  near  Leeds    ...         

431  Winter,  T.  B.,  Grey  Street,  Xewcastle-on-Tyne  

432  Wood,  C.  L.,  Freeland,  Forgandenny,  Perthshire 

433  Wood,  Lindsay,  Southill,  Chester-le- Street  (Past  Peesident,  Mem- 

ber of  CouncilJ 

434  Wood,  Thomas,  Rainton  House,  Fence  Houses  ...         

435  Wood,  W.  H.,  Coxhoe  Hall,  Coxhoe,  Co.  Durham  (Memler  of  Council) 

436  Wood,  W.  O.,  South  Hetton,  Fence  Houses 

437  WooLCOCK,  Henry,  St.  Bees,  Cumberland       

433  Weight,  Rev.  G.  H.,  Church  of  England  Temperance  Society,  West- 
minster Bridge,  London,  W... 

439  Weightson,  T.,  Stockton-on-Tees  


ELECTED. 
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2,  1876 

Dec. 

4,  1875 

Feb. 

5,  1870 

Dec. 
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Nov. 
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Oct. 

1, 1857 

Sept. 

3,  1870 

1856 

Nov. 

7,  1863 

Mar. 

3,  1873 
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2,  1872 

Sept. 

13,  1873 

Marked  *  are  Life  Members. 

1  ACKROYD,  Wm.,  Jun.,  Morley  Main  Collieries,  Morley,  nr.  Leeds       ...  Feb.     7,1880 

2  Bell,  C.  E.,  Park  House,  Durham  Dec.     3,1870 

3  BiNNS,  G.  J.,  Government  Inspector  of  Mines,  Dunedin,  New  Zealand  Aug.    7,  1886 

4  Beoja,  Rich AED,  Oberbergrath,  Ost wall,  Dortmund,..  Nov.    6,1880 

5  Chaelton,  Heney,  Hawks,  Crawshay  &  Sons,  Gateshead-on-Tyne    Dec.    9,  1882 

6  Cochrane,  John  E Dec.    9,1882 

7  Cross,  W.  A.,  Messrs.  R.  &  W.  Hawthorn,  Newcastle-on-Tyne         . . .  April  12, 1884 

8  Dacees,  Thomas,  Dearham  Colliery,  ma  Carlisle        ...         May     4,1878 

9  Daties,  John,  Hartley  House,  Coundon,  Bishop  Auckland  ...         ...  April  10,  1886 

10  Dees,  J.  G.,  Floraville,  Whitehaven         Oct.   13,  1883 

ll*DixoN,  James  S.,  170,  Hope  Street,  Glasgow Aug.    3,1878 

12  Ellis,  W.  R.,  F.G.S.,  Wigan       June    1,1878 


(xxxi) 

ELECTED 

13  FORBEST,  B.  J.,  Engineer  in  Charge,  Colonia  Ocampo,  Gran  Chaco, 

Argentine  Republic April  12, 1884. 

14  FoKEEST,  J.  C,  Witley  Coal  Co.,  Limited,  Halesowen,  Birmingham...  April  12,1884 

15  Geddes,  Geokge  H.,  142  Princes  Street,  Edinburgh  ...  ...  ...Oct.      1,1881 

16  GtLCUUioT,  Thomas,  Eltringluun,  Prudliue-on-Tyne May     4,1878 

17  GouDiE,  J.  H.,  Irouwood,  by  VVatersmeet,  Michigan,  U.S.A.  ...  Sept.   7,  1878 

18  JOHXSOX,  H.,  Jun.,  Mining  Offices,  Trindle  Road,  Dudley,  So.  Staff.  Feb.  10,  1883 

19  JoHNSOX,  William,  Lcazes  Villa,  Lintz  Green,  Co.  Durham  ...   Dec.    9,  1882 

20  Kellett,  William,  Wigan        June    1,1878 

21  Knowles,  1.,  Wigan  Oct.  13, 1883 

22*Knowles,  Robeet,  Arncliffe,  Cheetham  Hill,  Manchester     April  10, 1886 

23  Lancaster,    John,  Auchinbeath,  Southfield  and   Fence   Collieries, 

Lesmahagow   ...         ...         ...         ...         ...         ...         ...         ...  Sept.    7,  1878 

24  Laws,  W.  G.,  Town  Hall,  Newcastle-on-Tyne  (Memher  of  CouncilJ...  Oct.     2,  1880 

25  Leach.  C.  C,  18,  Lord  Street,  Liverpool  Mar.    7,  1874 

26  LiDDELL,  Matthew,  Mickley  Colliery  Offices,  Stocksticld-on-Tyne  ...  Feb.  10,  1883 

27  Llewellin,  David  Morgan,  F.G.S.,  Glanwern  Offices,  Pontypool  ...  May  14,  1881 

28  Maetin,  Tom  Pattinson,  Allhallows  Colliery,  Mealsgate,  Carlisle  ...  Feb.  15,  1879 

29  Oldham,  G.  H.,  Barrett  Berhm,  De   Haap   Goldfields,   Transvaal, 

South  Africa  Aug.    5,1882 

30  Potts,  Jos.,  Jun.,  North  Cliff,  Roker,  Sunderland       Dec.     6,1879 

31*Peioe,  Edwaed  G.,  Victoria,  British  Columbia Feb.     7,1880 

32  Rhodes,  C.  E.,  Carr  House,  Rotherham  Aug.    4,  1883 

33  Rogers,  William,  30,  King  Street,  Wigau      Nov.    2,1878 

34  Russell,  Robert,  Col tness  Iron  Works,  Newmains,  N.B Aug.    3,1878 

35  Selby,  Atherton,  Leigh,  near  Manchester      Oct.   13,  1883 

36  Spencer,  John  W.,  Newburn,  near  Newcastle-on-Tyne         May    4,1878 

37  Stevexs,   James,   M.E.,    Kaiping   Mines,   c/o   H.B.M's.   Consulate, 

Tientsin,  North  China  Feb.   14,1885 

38  Topping,  Walter,  Messrs.  Cross,  Tetley,  &  Co.,  Bamf urlong,  ur.  Wigan  Mar.    2,  1878 

39  Walker,  Sydney  Feeeis,  195,  Severn  Road,  Canton,  Cardiff         ...  Dec.     9,  1882 

40  Walker,  William  Edward,  Lowther  Street,  Whitehaven Nov.  19,  1881 

41  Winstanley,  Robt.,  M.E.,  28,  Deansgate,  Manchester  Sept.   7,1878 


(xxxii) 

Marked  ■'  are  Life  Members. 


ELECTED 


1  Allison,  J.  J.  C,  Hedley  Hill  Colliery,  Watcrlioiises,  Durham         ...   Feb.  13,  18S6 

2  Armstkong,  Henry,  Pelaw  House,  Cliester-le-Strcet  ...         ...  April  14,  1883 

3  Armstrong,  J.  H.,  St.  Nicholas' Chambers, Newcastle-oii-Tyue       ...  Aug.    1,1885 

4  Armstrong,  T.  J.,  Hawthorn  Terrace,  Newcastle-on-Tyne    ...         ...  Feb.  10,  1883 

5  Arnold,  Thos.,  Mineral  Surveyor,  Castle  Hill,  Greenfields,  Llanelly      Oct.     2,  1880 

6  Atkinson,  A.  A.,  South  Church,  Bishop  Auckland      ...         ...         ...  Aug.    3,  1878 

7  Atkinson,  Fred.,  Maryport        Feb.  11-,  187i 

8  AuDUS,  T.,  Mineral  Traffic  Manager,  N.E.  Railway,  Newcastle-on-Tyne  Aug.    7,1880 

9  Atton,  E.  F.,  El  Bote  Mining  Xegociation,  Zacatecas,  Mexico  ...   Feb.     5,  1870 

10  Ayton,  Henry,  Cowpen  Colliery,  Blyth,  Xorthumberland     ...         ...   Mar.    6,  1875 

11  Bailes,  E.  T.,  Wingate,  Ferryhill  June    7,1879 

12  Barrett,  C.  R.,  New  Seaham,  Sunderland        ...  ...         ...         ...  Nov.    7,  1874 

13  Bates,  C.  J.,  Heddon  Banks,  near  Wylam-on-Tyne     Dec.  11,1882 

14*Bell,  Thomas  Hfgh,  Middlesbro'-on-Tees       Dec.  ]  1,1882 

15  Bennett,  Alfred  H.,  Dean  Lane  Collieries,  Bedminster,  Bristol     ...  April  10, 1886 

16  Berkley,  Frederick,  Murton  Colliery,  near  Sunderland     ...         ...   Dec.  11,1882 

17  Berkley,  R.  W.,  Marley  Hill,  WTiickham,  R.S.O.,  Co.  Durham       ...  Feb.  14,  1874 

18  Bewick,  T.  B.,  Hebburn,  Newcastle-on-Tyne Mar.    7,1874 

19  Bird,  W.  J.,  Wingate,  Co.  Durham        Nov.    6,1875 

20  Blackett,  W.  C,  Jun.,  Kimbleswortli  Colliery,  Chester-le-Street     ...  Nov.    4,1876 

21  Boucher,  A.  S.,  La  Salada  pnerto  Bertio,  E   de  Antioguia,  United 

States  of  Colombia,  S. A Aug.    4,1883 

22  BROroH,  Thomas,  Seaham  Colliery,  Sunderland       ...  ...         ...  Feb.     1,1873 

23  Brown,  C.  Gilpin,  Hetton  Colliery,  Fence  Houses     ...         ...         ...  Nov.    4,1876 

24  Brown,  M.  Walton,  3,  Summerhill  Terrace,  Newcastle-ou-Tyne    ...  Oct.     7,  1871 

25  Brown,  Robert  M.,  Norwood  Colliery,  via  Darlington  April  10, 1886 

26  Bruce,  John,  Cannock  Chase  Colliery,  near  Walsall  Feb.  14,  1874 

27  Bulman,  H.  F.,  Broomside  Colliery,  near  Durham       May     2,  1874 

28  Bunning,  C.  Z.,  Warora  Colliery,  Central  Provinces,  India    ...         ...  Dec.    6,  1873 

29  BuRDON,  A.  E.,  Hartford  House,  Cramlington,  Northumberland      ...  Feb.  10,1883 

30  Cabrera,  Fidel,  c/o  H.  Kendall  &  Son,  12,  Great  Winchester  Street, 

London Oct.  6,1877 

31*Candler,  T.  E.,  F.G.S.,  Canton  Club,  Canton,  China May  1,1875 

32  Charlton,  W.  A.,  Tangye  Bros.,  25,  Lincoln  St.,  Gateshead-on-Tyne   Nov.  6,  1880 

33  Clough,  James,  Bedlingtor.  Collieries,  R.S.O.,  Northumberland      . . ,  April  5,  1873 

34  Cochrane,  Ralph  D.,  Hetton  Colliery  Offices,  Fence  Houses          . . .  June  1,  1878 

35  CocKSON,  Charles,  Ince  Coal  and  Cannel  Co.,  Lice,  Wigan  ...         ...  April 22,  1882 

36  Cooper,  R.  W.,  Solicitor,  Newcastle-on-Tyne Sept.  4,1880 

37  Crawford,  T.  W.,  Bi.shop  Auckland      Dec.  4,1875 

38  Crone,  F.  E.,  Delaval  (Benwell),  Newcastle-on-Tyne Sept,  2,  1876 

39  Curry,  W.  Thos.,  Usworth  Hall,  Washington  Station,  R.S.O.,  Durham  Sept.  4,  1880 

40  Dakers,  W.  R.,  Croxdale  Colliery,  Durham       Oct.    14,1882 

41  Davison,  Charles,  Cornsay  Colliery,  near  Esh,  Durham       Dec.  11,1882 
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•J2  DooD,  M.,  Lcmingtoii,  Scots\vood-on-Tviie        ...         ...         ...         ...  Dec.    4,  1875 

'13  Don K I N,  W'm.,  \VaroniCollii.T.v,  Wuidhu  Coal  State  Railway, C. P.,  India  Sept.   2,  187G 

'14  Douglas,  John,  Seghill  Colliery,  Dudley,  Northumberland April  22,  1882 

'15  Douglas,  John,  Jun.,  Segliill  Colliery,  Dudley,  Northumberland     ...  April 22,  1882 
40  Douglas,  M.  H.,  Marsden  Colliery,  South  Shields       Aug.    2,  1879 

47  Dotle,   Patrick,   C.E.,   F.M.S.,   F.L.S.,   M.R.A.S.,  F.G.S.,  M.S.I., 

The  Indian  Engineer,  4,  Dalhousie  Square,  Caleutta       ...         ...  Mar.    1,  1879 

48  Dunn,  A.  F.,  Poynton,  Stockport,  Cheshire       ...  ...         ...         ...   June    2,1877 

49  DcuNFOED,  H.  St.  John,  Lo\v  Stublin  Colliery,  near  Eotherham     ...   June    2,1877 

50  Edge,  J.  C,  The  Cottage,  Madeley,  Salop         Dec.     5,1871 

51  Edgk,  John  H.,  Coal])ort  M'ire  Kope  and  Chain  Works,  Shifual,  Salop  Sept.    7,1878 


52  Faiklev,  Jai[ES,  Craghead  and  Ilolniside  Collieries,  Cliestcr-le-Stroot  Aug.    7,  1880 

53  Farrow,  Jo.sEPiT,  Brottou  Mines,  Erotton,  U.S.O Feb.  11,  1882 

54  Ferguson,  D.,  Cadzow  Colliery,  Hamilton,  N.B Dec.    8,1883 

55  FiSHEK,  Edwakd  E.,  Nant  Glas,  Cross  Hands,  near  Llanelly,  So.  Wales  Aug.    2,  1884 
oG  Fletcher,  W.,  Hrigham  Hill,  Wa  Carlisle        Oct.  13,  1883 

57  FOKSTER,  TnojiAS  E.,  Lesbury,  U.S. 0.,  Northumberland       ...         ...  Oct.     7,1876 

58  FjiVAR,  Mark,  Denby  Colliery,  Derby Oct.     7,1876 

59  Gerraed,  James,  19,  King  Street,  Wigan       Mar.    3,1873 

60  Gilchrist,  J.  R.,  Durham  Main  Colliery,  Durham     Feb.     3,1877 

61  Gould,  Alex.,  Coltham  Wharf,  Walsall  Street,  Wolverhampton      . . .   Dec.     1,  1877 

62  Greener,  Henrv,  South  Pontop  Colliery,  Annfield  Plain      ...         ...   Dec.  11,1882 

63  Greener,  T.  Y.,  Hucknall  Torkard  Collieries,  near  Nottingham        ...   July    2,1872 
61  Geesley,  W.  S.,  Ovenseale,  Ashby-de-la-Zonch  ...         ...         ...  Oct.     5,1878 

65  Haddock,  W.  T.,  Jun.,  Ryhope  Colliery,  Sunderland Oct.     7,1876 

66  Haggie,  Peteu  Sinclair,  Gateshead-on-Tyne  April  14,  1883 

67  Halla.s,  G.  H.,  Hindley  Green  Colliery,  near  Wigan Oct.     7,1876 

68  Halse,  Edward,  Arenig  Mine.s,  near  Bala,  North  Wales       June  13,  1885 

69  Hamilton,  E.,  Rig  Wood,  Saltburn-by-the-Sea  Nov.     1,1873 

70  Harris,  W.  S.,  Kibblesworth,  Gatcshead-on-Tync       ...         ...         ...  Feb.  14,1874 

71  Hedlef,  E.,  Rainham  Lodge,  The  Avenue,  Beckenham,  Kent  ...  Dec.     2,  1871 

72  Hedlet,  Sept.  H.,  East  Gavvber  Colliery,  Barnsley Feb.  15,  1879 

73  Henderson,  C.  W.  C,  The  Riding,  Hexham Dec.  11,  1882 

74  Hexdt,  J.  C.  B.,  Stanton  Iron  Co"s.  Collieries,  Pleasley,  near  Mans- 

held,  Notts Sept.    2,1876 

75  Hill,  William,  Carterthorne  Colliery  Offices,  Witton-le-Wear       ...  June    9,  1883 

76  Holme,  James,  McKenzie  Block,  Winnipeg,  Manitoba,  Canada       ...  June  12, 1886 

77  Hooper,  Freo.  G.,  South  Derwent  Coll.,  Annfield  Plain,  Lintz  Green  Feb.  14,  1885 

78  HU3IBLE,  JoicEY,  Wire  Rope  Manufac,  Byker  Ropery,  Newcastle  ...  Mar.    3,  1877 

79  Humble,  Robert,  Wire  Roj^e  Manufac,  Byker  Ropery,  Newcastle...   Sept.    2,  1876 

80  Humble,  Stephen,  5,  Westminster  Chambei-s, Victoria  St.,  London,  S.W,  Oct.     6,  1877 
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81  Jeffcock,  CiiAiiLES  E.,  Birley  Cullieries,  Slieffield      Feb.   10,  1883 

82  Jepson,  H.,  54,  Old  Elvet,  Durham        July    2,1872 

83*JoBLrxG,  Thos.  E.,  Croft  Villa,  Blyth,  Nortlmmberland        Oct.     7,1876 

84  Johnson,  F.  D.,  Aykleyheads,  Durham Feb.  10,  1883 

85  Johnson,  W.,  Abrara  Colliery,  Wigan Feb.  14,  1874 

86  KiRKUP,  PnrLiP,  RadclifFe  Colliery,  Acklington,  Northumberland  ...  Mar.    2,  1878 

87  K I  ETON,  Hpgh,  Waldridge  Colliery,  Chester-le-Street  April  7,1877 

88  Laverick,  John  Wales,  Middridge,  nr.  Heighington,i'( a  Darlington  Dec.  11,1882 

89  Lee,  John  F.,  Castle  Eden  Colliery,  County  Durham...         ...         ...  June  13,  1885 

90  LiDDELL,  J.  M.,  3,  Victoria  Villas,  Newcastle-on-Tyne  Mar.    6,1875 

91  LiDDELL,  John,  Coal  Owner,  Ne\vcastle-on-Tyne        ...         ...         ...   Dec.  11,1882 

92  Lindsay,  C.  S.,  Usworth,  !!(■«  Washington,  R.S.O.,  Co.  Durham        ...  Mar.    4,1876 

93  Lisle,  J.,  Washington  Colliery,  County  Durham  July    2,1872 

94  LiVEiNG,  E.  H.,  52,  Queen  Anne  Street,  Cavendish  Square,  London,  W.  Sept.    1,  1877 

95  Longbotham,  E.  H.,  Brynkinalt  Colliery,  Chirk,  Wales        Sept.    2,1876 

96  MacCabe,  H.  O.,  Russell  Vale,  Wollongong,  New  South  Wales        ...  Sept.  7, 1878 

97  Maddison,  Thos.  R.,  Thornes,  near  Wakefield             Mar.  3,  1877 

98  Makepeace,  H.  R.,  Evenwood,  &c.,  Collieries,  near  Bishop  Auckland  Mar.  3,  1877 

99  Markham,  G.  E.,  Howlish  Offices,  Bishop  Auckland Dec.  4,1875 

100  Matthews,  J.,  Messrs.  R.  &  W.  Hawthorn,  Newcastle-on-Tyne       ..  April  11,  1885 

101*Merivale,  W.,  Kirwee,  Manikpur,  Bhopal,  Central  India     Mar.  5,1881 

102  Miller,  D.  S.,  Cheadle,  Staffordshire Nov.  7,1874 

103*MiLLER,  N.             Oct.  5,1878 

104  Moore,  William,  Upleatham  Mines,  Upleatham,  R.S.O Nov.  19,  1881 

105  MoEEiNG,  C.  A.,  Suffolk  House,  Lawrence  Pountney  Hill,  London,  E.C.  Nov.    7,  1874 

106  MoRisoN,  John,  Newbattle  Collieries,  Dalkeith,  N.B.  Dec.    4,1880 

107  Musgeave,  Henry,  Havercroft  Main  Colliery,  Wakefield     June  12,  1886 

108  Oknsby,  R.  E.,  Seatou  Delaval  Colliery,  Northumberland       Mar.    6,1875 

109  Palmer,  Henry,  East  Howie  Colliery,  near  Ferryhill  ...         ...  Nov.    2,1878 

110  Parsons,  Hon.  Charles  Algernon,  Elvaston  Hall,  Ryton-on-Tyne    June  12,  1886 

111  Peake,  C.  E..  Eskell  Chambers,  Nottingham Nov.    3,1877 

112  Peake,  R.  C,  Stoke  Lodge,  Bletchley,  Bucks Feb.     7,1880 

113  Pearson,  George  R.,  10,  Bensham  Crescent,  Gateshead        ...         ...  Oct.  10,1885 

114*Pease,  Arthur,  Darlington        Dec.  11,1882 

115  Phillips,  W.  J.,  Ansley  Hall  Colliery,  Atherstone      June    9,1883 

116  Prest,  J.  J.,  Earle's  Drive,  Low  Fell,  Gateshead-on-Tyne      May     1,  1875 

117  Prest,  T.,  Bedlington  Colliery,  R.S.O.,  Northumberland        June  14, 1884 

118  Price,  S.  R.,  Cottam  Colliery,  Barlbro,  near  Chesterfield       Nov.    3,  1877 

119  Proctor,  C.  P.,  Shibden  Hall  Collieries,  near  Halifax,  Yorkshire     ...  Oct.     7,  1876 

120  Proud,  Joseph,  South  Hetton  Colliery  Offices,  Sunderland Oct.   14,1882 
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121  Hathbone,  EoOAB  p.,  2,  Great  George  street,  Westminster,  London     Mar.    7,1874 

122  Heed,  R.,  Cowpen  Lodge,  Blytli,  Nortlimnberland       Feb.     3,1877 

123  Ridley,  Sir  Matthew  White,  Bart.,  M.P.,I51iigd(>n,Xorthumbcrlaiid  Feb.  10,  1883 
121  HOBINSOX,  Fraxk,  The  Xunnery,  Orrell  Mount,  Wigan  ...  Sept.    2,1876 
125  HoBSOX,  T.  O.,  Bensham  Crescent,  Gatcsliead-oii-Tyne           ...         ...  Sept.  11,  1875 

12G  RorxLEDGE,  W.  H.,  Cliffe  House,  Clownc,  Chesterfield  Oct.     7,1876 


127  Saise,  W.,  Manager  E.LR.  Collieries,  Giiidi,  Bengal,  India 

123  Sawyek,  A.  R.,  Ass.  R.S.M.,  Basford,  Stoke-upon-Trent        

129  ScuRFiELD,  Geo.  J.,  Hurworth-upon-Tees,  Darlington 

130  Shipley,   T.,    Woodland    Colliery  Office,    Woodland,    Butterknowle, 

R.S.O.,  Co.  Durham 

131  Simpson,  F.  L.  G.,  Peases'  West  Collieries,  Crook,  by  Darlington    . . . 

132  Smith,  Thos.  Reader,  M.E.,  Thorncliffe  Collieries,  near  Sheffield    ... 

133  Snowball,  Joseph,  Seaton  Burn  House.  Dudley,  Northumberland  ... 

134  Southern,  E.  0.,  Breeze  Hill,  Wliitehaveu      

135  Spence,  R.  F.,  Cramlingtou         

136  SiiLL,  F.  M.,  64,  Edith  Road,  West  Kensington,  London,  W. 

137  Stobart,  F.,  Pensher  House,  Fence  Hou.ses 

138  Stobbs,  Frank,  1,  Queen  Street,  Newcastle-on-Tyne 

139  Stoker,  Arthur  P.,  Birtley,  near  Chester-le-Street   ... 


Nov. 

3,  1877 

Dec. 

6,  1873 

Dec. 

11,1882 

Aug. 

2,  1884 

Dec. 

13, 1884 

Feb. 

5,  1881 

Feb. 

10,  1883 

Dec. 

5,  1874 

Nov. 

2,  1878 

Dec. 

8, 1883 

Aug. 

2.  1873 

Oct. 

1,  1881 

Oct. 

6,  1877 

1 10  Telford,  W.  H.,  Hartford  Coll.,  Cramlington.  R.S.O.,  Northumberland  Oct.     3,  1874 

141  Thomas,  W.  W.,  M.E.,  Mineral  Office,  Cockermouth  Castle Feb.  10,  1883 

142  Thompson,  Charles  Lacy,  Milton  Hall,  Carlisle       Feb.  10,  1883 

143  Todd,  John  T.,  Hetton-le-Hole,  Fence  Houses Nov.    4,1876 


144  Vitanoff,  Geo.  N.,  Sofia,  Bulgaria 


April  22, 1882 


145  Walters,  Hargrave,  Birley  Collieries,  near  Sheffield  June    4,1881 

146  Walton,  J.  CouLTHARD,Writhlington  Collieries,  Radstock,  via  Bath  Nov.    7,1874 
147*Ward,  T.  H.,  E.g. S.,  Assistant  Manager,  E.I.R.  Collieries,  Giridi, 

Bengal,  Lidia Aug.    7,1882 

148  Wardle,  Edward,  Craghead  Colliery,  Chester-le-Street       Feb.     5,1881 

149  Watson,  Robert,  North  Seaton,  Morpeth       ,.         ...  Dec.  11,  1882 

150  Webster,  H.  Ingham,  Morton  House,  Fence  Houses        ...         ...  April  14,  1883 

151  Weeks,  R.  L.,  Willington,  Co.  Durham  June  10,  1882 

152  White,  C.  E.,  Hebburn  Colliery,  near  Newcastle-on-Tyne     Nov.    4,1876 

153  Wight,  Edwd.  S.,  Marsden  Colliery,  South  Shields Dec.  12,  1885 

154  Wilson,  J.  D.,  Ouston  House,  Chester-le-Street  Sept.  11,  1875 

155  Wilson,  John  R.,  Swaithe,  near  Barnsley        ...         ...  June    9,1883 

156  Wormald,  C.  F.,  Cross  House,  Corbridge         Dec.     8.1883 


f 
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2  Baeeass,  M.,  Weartlale  Iron  and  Coal  Co.,  Thornlej  Colliery,  Trimdon 

Grange Dec.  10,  1883 

3  BArMGAETXEE,  W.  0.,  Trlmdon  Grange  Colliery,  Co.  Durham  ...   Sept.    6,  1879 

4  Bell,  Geo.  Feed.,  25,  Old  El  vet,  Durham        Sept.    6,1879 

5  BiED,  Habey,  Mexico       April   7,1877 

6  Blaeeley,  A.  B.,  Hollyroyd,  Dewsbury  Feb.  15,1879 

7  Beamwell,  Hugh,  Mining  Offices,  Marsden,  South  Shields  ...         ...  Oct.     4,  1879 

8  Chandley,  Chaeles,  Latchford,  Warrington,  Lancashire      ...         ...  Nov.    6,1880 

9  Cole,  Collin,  Simonside  Cottage,  Tyne  Dock,  South  Shields  . . .  Oct.  18, 1882 

10  Ceawfoed,  James  Mill,  Murton  Colliery,  near  Sunderland  ...  Dec.  11,1882 

11  Depledge,  M.  F.,  Tudhoe  Colliery,  Spennymoor  ...         ...         ...   April   7,1877 

12  Douglas,  A.  S.,  Stanley  Villa,  near  Crook,  t'la  Darlington    ...         ...  June    1,1878 

13  Etans,  David  L.,  Messrs.  Dalziel  &  Evans,  Cardiff May     4,1878 

14.  Ferens,  Feederick  J.,  Silksworth  Colliery,  Sunderland       ...         ...  Dec.     4,1880 

15  FOESTEE,  C.  W.,  6,  Ellison  Place,  Newcastle-on-Tyne June  10,  1882 

16  Gallwey,    a.     p..    Ruby    and    Duiiderburg    Mining    Co.,    Eureka, 

Nevarda,  U.S Oct.     2,1880 

17  GoEDOX,  Chas May     5,1877 

18  Geeig,  J.,  Eston  Mines,  Middlesbro'-on-Tees Feb.     5,1881 

19  Haggie,  Douglas,  Thornclift'e  Iron  Works,  Sheffield April  14,  1883 

20  Haig,  K.  Noble,  32,  Rutland  Street,  Hampstcad  Road,  London      ...  Feb.  10,  1883 

21  Haee,  Samuel,  Broughton  and  Plas  Power  Coal  Co.,  Ld.,  Wrexham  Aug.    2,  1879 

22  HAiiRisox,  R.  W..  Public  Wharf,  Leicester      Mar.    3,1877 

23  Hay,  W.,  Jun.,  Nostell  Colliery,  Wakefield       Dec.  10, 1883 

24  Heslop,  Septimus,  Asansol,  E.I.B.,  Bengal,  India      ...         ...  ...  Dec.     4,1880 

25  Heslop,  Thomas,  Storey  Lodge  Colliery,  Cocktield,  I'm  Darlington...  Oct.     2,1880 

26  Hill,  Leoxard,  Newport  Wire  Mills,  Middlesbro'      Oct.     6,1877 

27  Hooper,  Edwaed,  The  Grange,  Claines,  Worcester    ...  ...         ...  June    4,  1881 

28  Howaed,  Walter,  Markham  Colliery,  Duckmanton,  near  Chesterfield  Ajiril  13,  1878 

29  Hudson,  Joseph  G.  S.,  Albion  Mines,  Pictou  County,  Nova  Scotia...  Mar.    2,  1878 

30  Hurst,  Geo.,  Seaton  Delaval  Colliery,  Northumberland         ...  ...  April  14,  1883 

31  Hutt,  E.  H.,  Usworth  Coll.,  Washington  Station,  R.S.O.,  Co.  Durham  Aug.    4,  1883 

32  Kayll,  a.  C,  Gosf orth,  Newcastle-on-Tyne      Oct.     7,  1876 

33  Kieehouse,  E.  G.,  1,  Edith  Street,  Consett,  Co.  Durham      ...         ...  Aug.    3,  1878 

34  Lishman,  R.  R.,  Celynen Colliery,  Abercarne,  via  Newport,  Mon.       ...   June    9,1883 
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35  Mackinlay,  T.  13.,  West  Pelton  Colliery,  Chest er-lc-Street Nov.    1,1879 

3G  :\IcLakex,  lJ.,Hccldon  Coal  and  Fire  Brick  Co.,  Wylam-oii-Tyne     ...   Dec.  10,  1883 

37  Mc-MuUTiaE,  G.  E.  J.,  12,  Clougli  Koad,  Masbro',  Eotherliani  ...  Aug.    2,  1881 

38  MiTTOX,  A.  D.,  Hettou  Colliery,  Fence  Houses  ...  June    9,1883 

39  MrRRAT,  W.  C,  Weed  Park,  Dipton,  via  Lint/.  Green  Station        ...  Oct.     4,  1879 
■10  ^[ruTON,  Charles  J..  Jesmond  Villas,  Newcastle-on-Tyne    ...         ...  Mar.    6,1880 

41  Nicholson,  A.  D.,  KUIdu  Colliery,  Co.  Durham  June  13,  1885 

42  Nicholson,  J.  H.,  Cowpcn  Colliery  Office,  Blyth,  Northumberland...  Oct.     1,  1881 

43  Gates,  Robert  J.  W.,  E.I. It.  Collieries,  Giridi,  Bengal,  India     ...  Feb.   10,1883 

4-4  Pattisox,  Jos.  W.,  Londonderry  Offices,  Seaham  Harbour Feb.  15,1879 

45  Peart,  A.  W.,  70,  Caehan-is,  Dowlais,  South  Wales Nov.  4,1876 

46  Pease,  J.  F.,  Pierroniont,  Darlingttm June  9,1883 

47  Pike,  Arnold,  Furzebrook,  Wareham,  Dorsetshire      ...         ...         ...  Feb.  5,1881 

48  Potter,  E.  A.,  Cramlington  House,  Northumberland  ...          ...         ...  Feb.  6,1875 

49  Pringle.  H.  A.,  Barrow  Collieries,  Barnsley,  Yorkshire         ...          ...  Oct.  2,1880 

50  Phingle,  Hy.  Geo.,  Taufield  Lea  Coll.,  Lintz  Green  Station,  Newcastle  Dec.  4, 1880 

51  Redjiav.ne,  R.  a.  S.,  Hetton  Collieries,  near  Fence  Houses...         ...   Dec.  13,  1884 

52  Richardson,  Ralph,  Field  House,  West  Rainton,  Fence  Houses    ...  June    9,1883 

53  Ridley,  Wm.,  So.  Tanfield  Coll.,  Stanley,  R.S.O.,  Newcastle-on-Tyne  Dec.  11,  1882 

54  Rutherford,  R.,  So.  Derwent  Colliery,  Aimfield  Plain,  Lintz  Green  Feb.  14,  1885 

55  ScAKTH,  R,  W.,  Cridling  Stubbs,  Knottingley Dec.     4,1875 

56  Scott,  Joseph  Samuel,  East  Hetton  Colliery,  Coxhoe,  Co.  Durham  Nov.  19,  1881 

57  Scott,  Walter,  6,  Sutton  Street,  Durham       ...         ...         ...         ...   Sept.    6,1879 

58  Scott,  AVm.,  Brancepeth  Colliery  Offices,  Willington,  Co.  Durham    . . .  Mar.    4,  1876 

59  Shute,  Wji.  Ashley,  Westoe,  South  Shields April  11,  1885 

60  Simpson,  F.  R.,  Hcdgefield  House,  Blaydon-on-Tyne Aug.    4,  1883 

61  Smith,  Thos.,  Leadgate,  Co.  Durham Feb.  15,  1879 

62  Smith,  T.  F.,  Jun.,  Lydbrook,  near  Ross,  Herefordshire         ...         ...  May     5,  1877 

63  Southern,  Thomas  A.,  Cwmaman  Colliei-y,  near  Aberdare,  So.  Wales    Dec.  17, 1881 

64  STEATEN.SON,  C.  H.,  Durham       April  14,  1883 

65  Stobart,  H.  T.,  Mill  View  Cottage,  Southwick,  Sunderland  . . .  Oct.     2,  1880 

66  Sykes,  Frank  K.,  Esh  Colliery,  Durham         Feb.  13,  1886 

67  ToDNEE,  W.  J.  S Sept.    6,1879 

68  Waugh,  C.  L.,  Ffalda  Steam  Coal  Colliery,  Garw  Valley,  nr.  Bridgend  Nov.  19,  1881 

69  Yeoman,  Thomas,  1,  Westfield  Terrace,  Loftus-in-Cleveland  ...  Feb.  14,  1885 


(xxxvii))-(xliv) 


hibsatos  xmhu  ^nje-Iaiu  9. 


1  Ashington  Collierj',  Newcastle-oii-Tyiie. 

2  Birtley  Iron  Company,  Birtley. 

3  Has  well  Colliery,  Fence  Houses. 

4  Hetton  Collieries,  Fence  Houses. 

5  LamLton  Collieries,  Fence  Houses. 

6  Londonderry  Collieries,  Sealiam  Harbour. 

7  Marquess  of  Bute. 

8  North  Hetton  Colliery,  Fence  Houses. 

9  Ryliope  Colliery,  near  Sunderland. 

10  Seghill  Colliery,  Northumberland. 

11  South  Hetton  and  Murton  Collieries. 

12  Stella  Colliery,  Hedgefield,  Blaydon-on-Tyne. 

13  Throckley  Colliery,  Nevvcastle-on-Tyne. 

14  Victoria  Garcsficld  Colliery,  Lintz  Green. 

15  Wearmouth  Colliery,  Sunderland. 


CHARTER 

OF 

THE     NORTH     OF     ENGLAND 

Institute  of  UTiiiiuij  aitJr  Htccljiminil  fejginms. 


FOUNDED  1852. 
INCORPORATED  NOVEMBER  28th,  1876. 


^irtnrill^  by  the  Grace  of  God,  of  the  United  Kingdom  of  Great 
Britain  and  Ireland,  Queen,  Defender  of  the  Faith,  to  all  to  whom 

THESE   PeESENTS   SHALL  COME,   GREETING  : 

Whereas  it  has  been  represented  to  us  that  Nicholas  Wood,  of 
Hetton,  in  the  County  of  Durham,  Esquire  (since  deceased) ;  Thomas 
Emerson  Forster,  of  Newcastle-upon-Tyne,  Esquire  (since  deceased) ; 
Sir  George  Elliot,  Baronet  (then  George  Elliot,  Esquire),  of  Houghton 
Hall,  in  the  said  County  of  Durham,  and  Edward  Fenm^ck  Boyd,  of 
Moor  House,  in  the  said  County  of  Durham,  Esquire,  and  others  of  our 
loving  subjects,  did,  in  the  year  one  thousand  eight  hundred  and  fifty-two, 
form  themselves  into  a  Society,  which  is  known  by  the  name  of  The 
North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
having  for  its  objects  the  Prevention  of  Accidents  in  JMines  and  the  Ad- 
vancement of  the  Sciences  of  Mining  and  Engineering  generally,  of  which 
Society  Lindsay  Wood,  of  Southill,  Chester-le-Street,  in  the  County  of 
Durham,  Esquire,  is  the  present  President.  And  whereas  it  has  been 
further  represented  to  us  that  the  Society  was  not  constituted  for  gain, 
and  that  neither  its  projectors  nor  Members  derive  nor  have  derived 
pecuniary  profit  from  its  prosperity  ;  that  it  has  during  its  existence  of  a 
period  of  nearly  a  quarter  of  a  century  steadily  devoted  itself  to  the  pre- 
servation of  human  life  and  the  safer  development  of  mineral  property; 
that  it  has  contributed  substantially  and  beneficially  to  the  prosperity  of 
the  country  and  the  welfare  and  happiness  of  the  working  members  of  the 
community;  that  the  Society  has  since  its  establishment  diligently 
pursued  its  aforesaid  objects,  and  in  so  doing  has  made  costly  expei'iments 
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and  researches  v;uh  a  view  to  the  saving  of  life  by  improvements  in  the 
ventilation  of  mines,  by  ascertaining  the  conditions  mider  which  the  safety 
lamp  may  be  relied  on  for  security ;  that  the  experiments  conducted  by 
the  Society  have  related  to  accidents  in  mines  of  every  description,  and 
have  not  been  limited  to  those  proceeding  from  explosions ;  that  the  vari- 
ous modes  of  getting  coal,  whether  by  mechanical  appliances  or  otherwise, 
have  received  careful  and  continuous  attention,  while  the  improvements 
in  the  mode  of  working  and  hauling  belowground,  the  machinery  em- 
ployed for  preventing  the  disastrous  falls  of  roof  underground,  and  the 
prevention  of  spontaneous  combustion  in  seams  of  coal  as  well  as  in  car- 
goes, and  the  providing  additional  security  for  the  miners  in  ascending 
and  descending  the  pits,  the  improvements  in  the  cages  used  for  this  pur- 
pose, and  in  the  safeguards  against  what  is  technically  known  as  "over- 
winding," have  been  most  successful  in  lessening  the  dangers  of  mining, 
and  in  preserving  human  life  ;  that  the  Society  has  held  meetings  at  stated 
periods,  at  which  the  results  of  the  said  experiments  and  researches  have 
been  considered  and  discussed,  and  has  published  a  series  of  Transactions 
filling  many  volumes,  and  forming  in  itself  a  highly  valuable  Library  of 
scientific  reference,  by  which  the  same  have  been  made  known  to  the 
public,  and  has  formed  a  Library  of  Scientific  Works  and  Collections  of 
Models  and  Apparatus,  and  that  distinguished  persons  in  foreign  countries 
have  availed  themselves  of  the  facilities  afforded  by  the  Society  for  com- 
municating important  scientific  and  practical  discoveries,  and  thus  a  useful 
interchange  of  valuable  information  has  been  efiPected ;  that  in  particular, 
with  regard  to  ventilation,  the  experiments  and  researches  of  the  Society, 
which  have  involved  much  pecuniary  outlay  and  personal  labour, 
and  the  details  of  which  are  recorded  in  the  successive  volumes  of 
the  Society's  Transactions,  have  led  to  large  and  important  advances 
in  the  practical  knowledge  of  that  subject,  and  that  the  Society's  re- 
searches have  tended  largely  to  increase  the  security  of  life ;  that  the 
Members  of  the  Society  exceed  800  in  number,  and  include  a  large  pro- 
portion of  the  leading  Mining  Engineers  in  the  United  Kingdom.  And 
WHEREAS  in  order  to  secure  the  property  of  the  Society,  and  to  extend  its 
useful  operations,  and  to  give  it  a  more  permanent  establishment  among 
the  Scientific  Institutions  of  our  Kingdom,  we  have  been  besought  to  grant 
to  the  said  Lindsay  Wood,  and  other  the  present  Members  of  the  Society, 
and  to  those  who  shall  hereafter  become  Members  thereof,  our  Royal 
Charter  of  Incorporation.  Now  know  ye  that  we,  being  desirous  of 
encouraging  a  design  so  laudable  and  salutary  of  our  special  grace,  cer- 
tain knowledge,  and  mere  motion,  have  willed  granted,  and  declared,  and 
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do,  by  these  presents,  for  us,  our  heirs,  and  successors,  v,iW,  grant,  and 
declare,  that  the  said  Lindsay  Wood,  and  such  others  of  our  loving  sub- 
jects as  are  now  Mciubers  of  the  said  Society,  and  such  others  as  shall 
from  time  to  time  hereafter  become  Members  thereof,  according  to  such 
Bye-laws  as  shall  be  made  as  hereinafter  mentioned,  and  their  successors, 
shall  I'or  ever  hereafter  be,  by  virtue  of  these  presents,  one  body,  politic  and 
corporate,  by  the  name  of  "The  North  of  England  Institute  of 
Mining  ajs'd  Mechanical  Engineers,"  and  by  the  name  aforesaid  shall 
have  perpetual  succession  and  a  Common  Seal,  with  full  power  and 
authority  to  alter,  vary,  break,  and  renew  the  same  at  their  discretion,  and 
by  the  same  name  to  sue  and  be  sued,  implead  and  be  impleaded,  answer 
and  be  answered  unto,  in  every  Court  of  us,  our  heirs  and  successors,  and 
be  for  ever  able  and  capable  in  the  law  to  purchase,  acquire,  receive,  pos- 
sess, hold,  and  enjoy  to  them  and  their  successors  any  goods  and  chattels 
whatsoever,  and  also  be  able  and  capable  in  the  law  (notwithstanding  the 
statutes  and  mortmain)  to  purchase,  acquire,  possess,  hold  and  enjoy  to 
them  and  their  successors  a  hall  or  house,  and  any  such  other  lands,  tene- 
ments, or  hereditaments  whatsoever,  as  they  may  deem  requisite  for  the 
purposes  of  the  Society,  the  yearly  value  of  which,  including  the  site 
of  the  said  hall  or  house,  shall  not  exceed  in  the  whole  the  sum  of  three 
thousand  pounds,  computing  the  same  respectfully  at  the  rack  rent  which 
might  have  been  had  or  gotten  for  the  same  respectfully  at  the  time  of 
the  purchase  or  acquisition  thereof     And  we  do  iii^reby  grant  our 
especial  licence  and  authority  unto  all  and  every  person  tmd  persons  and 
bodies  politic  and  corporate,  otherwise  competent,  to  griiut,  sell,  alien, 
convey  or  devise  in  mortmain  unto  and  to  the  use  of  the  said  Society  and 
their  successors,  any  lands,  tenements,  or  hereditaments  not  exceeding 
with   the   lands,   tenements   or  hercditam.ents   so  purchased   or  i)revi- 
ously  acquired  such  annual  value  as  aforesaid,  and  also  any  moneys, 
stocks,  securities,  and  other  personal  estate  to  be  laid  out  and  disposed  of 
in  the  purchase  of  any  lands,  tenements,  or  hereditaments  not  exceeding 
the  like  annual  value.    And  we  further  will,  grant,  and  declare,  that  the 
said  Society  shall  have  full  power  and  authority,  from  time  to  time,  to 
sell,  gi'aut,  demise,  exchange  and  dispose  of  absolutely,  or  by  way  of 
mortgage,  or  otherwise,  any  of  the  lands,  tenements,  hereditaments  and 
possessions,  wherein  they  have  any  estate  or  interest,  or  which  they  shaU 
acquire  as  aforesaid,  but  that  no  sale,  mortgage,  or  other  disposition  of  any 
lauds,  tenements,  or  hereditaments  of  the  Society  shnll  be  made,  except 
with  the  approbation  and  concurrence  of  a  General  Moetiug.     And  our  will 
and  pleasure  is,  and  we  iurther  grant  and  declare  that  for  the  better  rule 
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and  government  of  the  Society,  and  the  direction  and  management  of  the 
concerns  thereof,  there  shall  be  a  Council  of  the  Society,  to  be  appointed 
from  anions:  the  Members  thereof,  and  to  include  the  President  and  the 
Vice-Presidents,  and  such  other  oflice-bearers  or  past  office-bearers  as  may 
be  directed  by  such  liyc-laws  as  hereinafter  mentioned,  but  so  that  the 
Council,  includiug  all  ex-officio  IMembcrs  thereof,  shall  consist  of  not  more 
than  forty  or  less  than  twelve  Members,  and  that  the  Vice-Presidents  shall 
be  not  more  than  six  or  less  than  two  in  number.     And  we  do  hereby 
FURTHER  will  and  declare  that  the  said  Lindsay  "Wood  shall  be  the  first 
President  of  the  Society,  and  the  persons  now  being  the  Vice-Presidents, 
and  the  Treasurer  and  Secretary,  shall  be  the  first  Vice-Presidents,  and 
the  first  Treasurer  and  Secretary,  and  the  persons  now  being  the  Members 
of  the  Council  shall  be  the  first  Members  of  the  Council  of  the  Society, 
and  that  they  respectfully  shall  continue  such  until  the  first  election  shall 
be  made  at  a  General  Meeting  in  pursuance  of  these  presents.     And  we 
DO  hereby  further  will  and  declare  that,  subject  to  the  powers  by 
these  presents  vested  in  the  General  ]\Tectings  of  the  Society,  the  Council 
shall  have  the  management  of  the  Society,  and  of  the  income  and  property 
thereof,  including  the  appointment  of  officers  and  servants,  the  definition 
of  their  duties,  and  the  removal  of  any  of  such  officers  and  servants,  and 
generally  may  do  all  such  acts  and  deeds  as  they  shall  deem  necessary  or 
fitting  to  be  done,  in  order  to  carry  into  full  operation  and  effect  the 
objects  and  purposes  of  the  Society,  but  so  always  that  the  same  be  not 
inconsistent  with,  or  repugnant  to,  any  of  the  provisions  of  this  our 
Charter,  or  the  Laws  of  our  Realm,  or  any  Bye-law  of  the  Society  in  force 
for  the  time  being.     And  we  do  further  will  and  declare  that  at  any 
General  Meeting  of  the  Society,  it  shall  be  lawful  for  the  Society,  subject 
as  hereinafter  mentioned,  to  make  such  Bye-laws  as  to  them  shall  seem 
necessary  or  proper  for  the  regulation  and  good  government  of  the  Society, 
and  of  the  Members  and  affairs  thereof,  and  generally  for  carrying  the 
objects  of  the  Society  into  full  and  complete  effect,  and  particularly  (and 
without  its  being  intended  hereby  to  prejudice  the  foregoing  generality), 
to  make  Bye-laws  for  all  or  any  of  the  purposes  hereinafter  mentioned, 
that  is  to  say:  for  fixing  the  number  of  Vice-Presidents,  and  the  number 
of  Members  of  which  the  Council  shall  consist,  and  the  manner  of  electing 
the  President  and  Vice-Presidents,  and  other  Members  of  the  Council, 
and  the  period  of  their  continuance  in  office,  and  the  manner  and  time 
of  supplying  any  vacancy  therein ;  and  for  I'egulating  the  times  at  which 
General  Meetings  of  the  Society  and  Meetings  of  the  Council  shall  be  held, 
and  for  convening  the  same  and  regulating  the  proceedings  thereat,  and 
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for  rojjulating  the  mtiimcr  of  admitting  persons  to  be  Members  of  the 
Society,  and  of  removing  or  expelhng  Members  from  the  Society,  and 
for  imposing  reasonable  fines  or  penalties  for  nou-porformance  of  any 
such  Bye-laws,  or  for  disobedience  thereto,  and  from  time  to  time  to 
annul,  alter,  or  change  any  such  Bye-laws  so  always  that  all  Bye- 
laws  to  be  made  as  aforesaid  be  not  repugnant  to  these  presents,  or  to 
any  of  the  laws  of  our  Realm.  And  we  do  furtheu  will  and  declare 
that  the  present  Rules  and  Regulations  of  the  Society,  so  far  as  they 
are  not  inconsistent  with  these  presents,  shall  continue  in  force,  and 
be  deemed  the  Bye-laws  of  the  Society  until  the  same  shall  be  altered 
by  a  General  IMccting,  provided  always  that  the  present  Rules  and  Regu- 
lations of  the  Society  and  any  future  Bye-laws  of  the  Society  so  to  be 
made  as  aforesaid  shall  have  no  force  or  effect  whatsoever  until  the  same 
shall  have  been  appi'oved  in  writing  by  our  Secretary  of  State  for  the 
Home  Department.  In  witness  whekeof  we  have  caused  these  our 
Letters  to  be  made  Patent. 

Witness  Oursclf  at  our  Palace,  at  Westminster,  this  28th  day  of 
November,  iu  the  fortieth  year  of  our  reign. 

By  Her  Majesty's  Command. 

CARDEW. 


THE  NORTH  OF  ENGLAND  INSTITUTE 


OF 


MINING  AND  MECHANICAL  ENGINEERS. 


B  Y  E  -  L  A  W  S 

PASSED  AT  A  GENERAL  MEETING  ON  THE  16th  JUNE.  1877. 


1. — The  members  of  the  North  of  England  Institute  of  j\rini'ng  and 
Mechanical  Engineers  shall  consist  of  four  classes,  viz.: — Original  Mem- 
bers, Ordinary  Members,  Associate  Members,  and  Honorary  Members, 
with  a  class  of  Students  attached. 

2. — Original  Members  shall  be  those  who  were  Ordinary  Members 
on  the  1st  of  August,  1877. 

3. — Ordinary  Members. — Every  candidate  for  admission  into  the 
class  of  Ordinary  Members,  or  fur  transfer  into  tliat  class,  shall  come 
within  the  following  conditions  : — He  shall  be  more  than  twenty-eight 
years  of  age,  have  been  regularly  educated  as  a  Mining  or  Mechanical 
Engineer,  or  in  some  other  recognised  branch  of  Engineering,  according 
to  the  usual  routine  of  pupilage,  and  have  had  subsequent  employment 
for  at  least  five  years  in  some  responsible  situation  as  an  Engineer,  or 
if  he  has  not  undergone  the  usual  routine  of  pupilage,  he  must  have 
practised  on  his  own  account  in  the  profession  of  an  Engineer  for  at  least 
five  years,  and  have  acquired  a  considerable  degree  of  eminence  in  the 
same. 

4. — Associate  Members  shall  be  persons  practising  as  ^Mining  or 
Mechanical  Engineers,  or  in  some  other  recognised  branch  of  Engineering, 
and  other  persons  connected  with  or  interested  in  Mining  or  Engineering. 

5. — Honorary  Members  shall  be  persons  who  have  distinguished 
themselves  by  their  literary  or  scientific  attainments,  or  who  have  made 
important  communications  to  the  Society. 

6. — Students  shall  be  persons  who  are  qualifying  themselves  for  the 
profession  of  Mining  or  Mechanical  Engineering,  or  some  other  of  the 
recognised  branches  of  Engineering,  and  such  persons  may  coutiuiio 
Students  until  they  attain  the  age  of  twenty-three  yeara. 
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7. — The  annual  subscription  of  each  Original  Member,  and  of  each 
Ordiuaiy  Member  who  was  a  Student  on  the  1st  of  August,  1877,  shall 
be  £2  2s.,  of  each  Ordinary  Member  (except  as  last  mentioned)  £3  3s., 
of  each  Associate  Member  £2  2s.,  and  of  each  Student  £1  Is.,  payable 
in  advance,  and  shall  be  considered  due  on  election,  and  afterwards  on 
the  first  Saturday  in  August  of  each  year. 

8. — Any  Member  may,  at  any  time,  compound  for  all  future  subscrip- 
tions by  a  payment  of  £25,  where  the  annual  subscription  is  £3  3s., 
and  by  a  p;iyraent  of  £20  where  the  annual  subscription  is  £2  2s.  All 
persons  so  compounding  shall  be  Original,  Ordinary,  or  Associate 
Members  for  life,  as  the  case  may  be  ;  but  any  Associate  Member  for  life 
who  may  afterwards  desire  to  become  an  Ordinary  Member  for  life,  may 
do  so,  after  being  elected  in  the  manner  described  in  Bye-law  13,  and  on 
payment  of  the  further  sum  of  £5. 

9. — Owners  of  Collieries,  Engineers,  Manufacturers,  and  Employers 
of  labour  generally,  may  subscribe  annually  to  the  funds  of  the  Institute, 
and  each  such  subscriber  of  £2  2s.  annually  shall  be  entitled  to  a  ticket 
to  admit  two  persons  to  the  rooms,  library,  meetings,  lectures,  and  public 
proceedings  of  the  Society ;  and  for  every  additional  £2  2s.,  subscribed 
annually,  two  other  persons  shall  be  admissible  up  to  the  number  of  ten 
persons  ;  and  each  such  Subscriber  shall  also  be  entitled  for  each  £2  2s. 
subscription  to  have  a  copy  of  the  Proceedings  of  the  Institute  sent  to  him. 
10. — In  case  any  Member,  who  has  been  long  distinguished  in  his  pro- 
fessional career,  becomes  unable,  from  ill-health,  advanced  age,  or  other 
sufficient  cause,  to  carry  on  a  lucrative  practice,  the  Council  may,  on  the 
report  of  a  Sub-Committee  appointed  for  that  purpose,  if  they  find  good 
reason  for  the  remission  of  the  annual  subscription,  so  remit  it.  They 
may  also  remit  any  arrears  which  are  due  from  a  member,  or  they  may 
accept  from  him  a  collection  of  books,  or  drawings,  or  models,  or  other 
contributions,  in  lieu  of  the  composition  mentioned  in  Bye-law  8,  and 
may  thereupon  constitute  him  a  Life  Member,  or  permit  him  to  resume 
his  former  rank  in  the  Institute. 

11. — Persons  desirous  of  becoming  Ordinary  Members  shall  be  proposed 
and  recommended,  according  to  the  Form  A  in  the  Appendix,  in  which 
form  the  name,  usual  residence,  and  qualifications  of  the  candidate 
shall  be  distinctly  specified.  This  form  must  be  signed  by  the  proposer 
and  at  least  five  other  ]\Iembcrs  certifying  a  personal  knowledge  of  the 
candidate.  The  proposal  so  made  being  delivered  to  the  Secretary,  shall 
be  submitted  to  the  Council,  who  on  approving  the  qualifications  shall 
determine  if  the  candidate  is  to  be  presented  for  ballot,  and  if  it  is  so  deter- 
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mined,  the  Chairman  of  the  Council  shall  sign  such  approbation.  The 
same  shall  be  read  at  the  next  Ordinary  General  Meeting,  and  afterwards 
be  placed  in  some  conspicuous  situation  until  the  following  Ordinarj 
General  Meeting,  when  the  candidate  shall  be  balloted  for. 

12. — Persons  desirous  of  being  admitted  into  the  Institute  as  Associate 
Members,  or  Students,  shall  be  proposed  by  three  Members;  Honorary 
Members  shall  be  proposed  by  at  least  five  Members,  and  shall  in  addition 
be  recommended  by  the  Council,  who  shaU  also  have  the  power  of  defining 
the  time  during  which,  and  the  circumstances  under  which,  they  shall  be 
Honorary  Members.  The  nomination  shall  be  in  writing,  and  signed  by 
the  proposers  (according  to  the  Form  B  in  the  Appendix),  and  shall  be 
submitted  to  the  first  Ordinary  General  Meeting  after  the  date  thereof. 
The  name  of  the  person  proposed  shall  be  exhibited  in  the  Society's  room 
until  the  next  Ordinary  General  Meeting,  when  the  candidate  shall  be 
balloted  for. 

13. — Associate  Members  or  Students,  desirous  of  becoming  Ordinary 
Members,  shall  be  proposed  and  recommended  according  to  the  Form  0 
in  the  Appendix,  in  which  form  the  name,  usual  residence,  and  quahfi- 
cations  of  the  candidate  shall  be  distinctly  specified.  This  form  must 
certify  a  personal  knowledge  of  the  candidate,  and  be  signed  by  the 
proposer  and  at  least  two  other  Members,  and  the  proposal  shall  then 
be  treated  in  the  manner  described  in  Bye-law  11.  Students  may  become 
Associate  Members  at  any  time  after  attaining  the  age  of  twenty-tlireo 
on  payment  of  an  Associate  Member's  subscription. 

14. — The  balloting  shall  be  conducted  in  the  following  manner : — 
Each  Member  attending  the  Meeting  at  which  a  ballot  is  to  take 
place  shall  be  supplied  (on  demand)  with  a  h'st  of  the  names  of  the 
persons  to  be  balloted  for,  according  to  the  Form  D  in  the  Appendix, 
and  shall  strike  out  the  names  of  such  candidates  as  he  desires  shall 
not  be  elected,  and  return  the  list  to  the  scrutineers  appointed  by  the 
presiding  Chairman  for  the  purpose,  and  such  scrutineers  shall  examine 
the  lists  so  returned,  and  inform  the  meeting  what  elections  have  been 
made.  No  candidate  shall  be  elected  unless  he  secures  the  votes  of  two- 
thirds  of  the  Members  voting. 

15. — Notice  of  election  shall  be  sent  to  every  person  within  one  week 
after  his  election,  according  to  the  Form  E  in  the  Appendix,  enclosing 
at  the  same  time  a  copy  of  Form  F,  which  shall  be  returned  by  the 
person  elected,  signed,  and  accompanied  with  the  amount  of  his  annual 
subscription,  or  life  composition,  within  two  months  from  the  date  of 
such  election,  which  otherwise  should  become  void. 

h 


(liv) 

16. — Every  Ordinary  Member  elected  having  signed  a  declaration  in 
the  Form  F,  and  having  likewise  made  the  proper  payment,  shall  receive 
certificate  of  his  election, 

17. — Any  person  whose  subscription  is  two  years  in  ariear  shall  be 
reported  to  the  Council,  who  shall  direct  application  to  be  made  for  it, 
according  to  the  Form  G  in  the  Appendix,  and  in  the  event  of 
its  continuing  one  month  in  arrear  after  such  application,  the  Council 
shall  have  the  power,  after  remonstrance  by  letter,  according  to  the 
Form  H  in  the  Appendix,  of  declaring  that  the  defaulter  has  ceased  to  be 
a  member. 

18. — In  case  the  expulsion  of  any  person  shall  be  judged  expedient 
by  ten  or  more  Members,  and  they  think  fit  to  draw  up  and  sign 
a  proposal  requiring  such  expulsion,  the  same  being  delivered  to  the 
Secretaiy,  shall  be  by  him  laid  before  the  Council  for  consideration.  If 
the  Council,  after  due  inquiry,  do  not  find  reason  to  concur  in  the  pro- 
posal, no  entry  thereof  shall  be  made  in  any  minutes,  nor  shall  any  public 
discussion  thereon  be  permitted,  unless  by  requisition  signed  by  one-half 
the  Members  of  the  Institute  ;  but  if  the  Council  do  find  good  reason 
for  the  proposed  expulsion,  they  shall  direct  the  Secretary  to  address  a 
letter,  according  to  the  Form  I  in  the  Appendix,  to  the  person  proposed 
to  be  expelled,  advising  him  to  withdraw  from  the  Institute.  If  that 
advice  be  followed,  no  entry  on  the  minutes  nor  any  public  discussion  on 
the  subject  shall  be  permitted  ;  but  if  that  advice  be  not  followed,  nor  an 
explanation  given  which  is  satisfactory  to  the  Council,  they  shall  call  a 
General  Meeting  for  the  pm-pose  of  deciding  on  the  question  of  ex- 
pulsion ;  and  if  a  majority  of  the  persons  present  at  such  Meeting 
(provided  the  number  so  present  be  not  less  than  forty)  vote  that  such 
person  be  expelled,  the  Chairman  of  that  Meeting  shall  declare  the 
same  accordingly,  and  the  Secretary  shall  communicate  the  same  to  the 
person,  according  to  the  Form  J  in  the  Appendix. 

19. — The  Officers  of  the  Institute,  other  than  the  Treasurei  and  the 
Secretary,  shaU  be  elected  from  the  Original,  Ordinary  and  Associate 
Members,  and  shaU  consist  of  a  President,  six  Vice-Presidents,  and 
eighteen  Councillors,  who,  with  the  Treasurer  and  the  Secretary  (if  Mem- 
bers of  the  Institute)  shall  constitute  the  Council.  The  President,  Vice- 
Presidents,  and  Councillors  shall  be  elected  at  the  Annual  Meeting  in 
August  (except  in  cases  of  vacancies)  and  shall  be  eligible  for  re-election, 
with  the  exception  of  any  President  or  Vice-President  who  may  have 
held  office  for  the  three  immediately  preceding  years,  and  such  six  Coun- 
cillors as  may  have  attended  the  fewest  Council  Meetings  during  the  past 
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year ;  but  such  Members  shall  be  eligible  for  re-election  after  being  one 
year  out  of  office. 

20. — The  Treasurer  and  the  Secretary  shall  be  appointed  by  the 
Council,  and  shall  be  removable  by  the  Council,  subject  to  appeal  to  a 
General  Meeting.  One  and  the  same  person  may  hold  both  these  offices. 
21. — Each  Original,  Ordinary,  and  Associate  Member  shall  be  at 
liberty  to  nominate  in  writing,  and  send  to  the  Secretary  not  less  than 
eight  days  prior  to  the  Ordinary  General  Meeting  in  June,  a  list,  duly 
signed,  of  Members  suitable  to  fill  the  offices  of  President,  Vice-Presidents, 
and  Members  of  Council,  for  the  ensuing  year.  The  Council  shall  prepare 
a  list  of  the  persons  so  nominated,  together  with  the  names  of  the  Officers 
for  the  ciu-rent  year  eligible  for  re-election,  and  of  such  other  Members  as 
they  deem  suitable  for  the  various  offices.  Such  list  shall  comprise  the 
names  of  not  less  than  thirty.  The  list  so  prepared  by  the  Council  shall 
be  submitted  to  the  General  Meeting  in  June,  and  shall  be  the  balloting 
list  for  the  annual  election  in  August.  (See  Form  K  in  the  Appendix.) 
A  copy  of  this  list  shall  be  posted  at  least  seven  days  previous  to  the 
Annual  Meeting,  to  every  Original,  Ordinary,  and  Associate  Member ;  who 
may  erase  any  name  or  names  from  the  list,  and  substitute  the  name  or 
names  of  any  other  person  or  persons  eligible  for  each  respective  office ; 
but  the  number  of  persons  on  the  list,  after  such  erasure  or  substitution, 
must  not  exceed  the  number  to  be  elected  to  the  respective  offices.  Papers 
which  do  not  accord  with  these  directions  shall  be  rejected  by  the  scruti- 
neers. The  Votes  for  any  Members  who  may  not  be  elected  President  or 
Vice-Presidents  shall  count  for  them  as  Members  of  the  Council.  The 
Chairman  shall  appoint  four  scrutineers,  who  shall  receive  the  balloting 
papers,  and,  after  making  the  necessary  scrutiny,  destroy  the  same,  and 
sign  and  hand  to  the  Chairman  a  list  of  the  elected  Officers.  The  balloting 
papers  may  be  returned  through  the  post,  addressed  to  the  Secretary,  or 
be  handed  to  him,  or  to  the  Chairman  of  the  Meeting,  so  as  to  be  received 
before  the  appointment  of  the  scrutineers  for  the  election  of  Officers. 

22. — In  case  of  the  decease  or  resignation  of  any  Officer  or  Officers, 
the  Council,  if  they  deem  it  requisite  that  the  vacancy  shall  be  filled  up, 
shall  present  to  the  next  Ordinary  General  Meeting  a  list  of  persons  whom 
they  nominate  as  suitable  for  the  vacant  offices,  and  a  new  Officer  or 
Officers  shall  be  elected  at  the  succeeding  Ordinary  General  Meeting. 

23. — The  President  shall  take  the  chair  at  all  meetings  of  the 
Institute,  the  Council,  and  Committees,  at  which  he  is  present  (he 
being  ex-officio  a  member  of  all),  and  shall  regulate  and  keep  order  in  the 
proceedings. 
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24. — In  the  absence  of  the  President,  it  shall  be  the  duty  of  the 
senior  Vice-President  present  to  preside  at  the  meetings  of  the  Institute, 
to  keep  order,  and  to  regulate  the  proceedings.  In  case  of  the  absence 
of  the  President  and  of  all  the  Vice-Presidents,  the  meeting  may  elect 
any  Member  of  Council,  or  in  case  of  their  absence,  any  Member  present, 
to  take  the  chair  at  the  meeting. 

-25. — The  Council  may  appoint  Committees  for  the  purpose  of  transact- 
ing any  particular  business,  or  of  investigating  specific  subjects  connected 
with  the  objects  of  the  Institute.  Such  Committees  shall  report  to  the 
Council,  who  shall  act  thereon  as  they  see  occasion. 

26. — The  Treasurer  and  the  Secretary  shall  act  under  the  direction 
and  control  of  the  Council,  by  which  body  their  duties  shall  from  time  to 
time  be  defined. 

27. — The  Funds  of  the  Society  shall  be  deposited  in  the  hands  of  the 
Treasurer,  and  shall  be  disbursed  or  invested  by  him  according  to  the 
direction  of  the  Council. 

^28. — The  Copyright  of  all  papers  communicated  to,  and  accepted  for 
printing  by  the  Council,  and  printed  within  twelve  months,  shall  become 
vested  in  the  Institute,  and  such  communications  shall  not  be  published 
for  sale  or  otherwise,  without  the  written  permission  of  the  Council. 

29. — An  Ordinary  General  Meeting  shall  be  held  on  the  first  Saturday 
of  every  month  (except  January  and  July)  at  two  o'clock,  unless  otherwise 
determined  by  the  Council ;  and  the  Ordinary  General  Meeting  in  the 
month  of  August  shall  be  the  Annual  Meeting,  at  wliich  a  report  of  the 
proceedings,  and  an  abstract  of  the  accounts  of  the  previous  year,  shall 
be  presented  by  the  Council.  A  Special  General  Meeting  shall  be  called 
whenever  the  Council  may  think  fit,  and  also  on  a  requisition  to  the 
Council,  signed  by  ten  or  more  Members.  The  business  of  a  Special 
Meeting  shall  be  confined  to  that  specified  in  the  notice  convening  it. 

30. — At  meetings  of  the  Council,  five  shall  be  a  quorum.  The 
minutes  of  the  Council's  proceedings  shall  be  at  aU  times  open  to  the 
inspection  of  the  Members. 

31. — All  Past-Presidents  shall  be  ex-officio  Members  of  the  Council  so 
long  as  they  continue  Members  of  the  Institute,  and  Vice-Presidents  who 
have  not  been  re-elected  or  have  become  ineligible  from  having  held  office 
for  three  consecutive  years,  shall  be  ex-offlcio  Members  of  the  Council  for 
the  following  year. 

32. — Every  question,  not  otherwise  provided  for,  which  shall  come 
before  any  Meeting,  shall  be  decided  by  the  votes  of  the  majority  of  the 
Original,  Ordinary,  and  Associate  Members  then  present. 
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33. — All  papers  shall  be  sent  lor  the  approval  of  the  Council  at  least 
twelve  days  before  a  General  ]\Teeting,  and  after  approval,  shall  be  read 
before  the  Institute.  The  Council  shall  also  direct  whether  any  paper 
read  before  the  Institute  shall  be  printed  in  the  Transactions,  and  notice 
shall  be  given  to  the  -writer  within  one  month  after  it  has  been  read, 
whether  it  is  to  be  printed  or  not. 

34. — All  proofs  of  reports  of  discussions,  forwarded  to  Members  for 
correction,  must  be  returned  to  the  Secretary  within  seven  days  from  the 
date  of  their  receipt,  otherwise  they  will  be  considered  correct  and  be 
printed  off. 

*35. — The  Institute  is  not,  as  a  body,  responsible  for  the  statements 
and  opinions  advanced  in  the  papers  which  may  be  read,  nor  in  the  dis- 
cussions which  may  take  place  at  the  meetings  of  the  Institute. 

36. — Twelve  copies  of  each  paper  printed  by  the  Institute  shall  be 
presented  to  the  author  for  private  use. 

37. — Members  elected  at  any  meeting  between  the  Annual  Meetings 
shall  be  entitled  to  all  papers  issued  in  that  year,  so  soon  as  they  have 
signed  and  returned  Form  F,  and  paid  their  subscriptions. 

38. — The  Transactions  of  the  Institute  shall  not  be  forwarded  to 
Members  whose  subscriptions  are  more  than  one  year  in  arrear. 

39. — No  duplicate  copies  of  any  portion  of  the  Transactions  shall  be 
issued  to  any  of  the  Members  unless  by  written  order  from  the  Council. 

40. — Invitations  shall  be  forwarded  to  any  person  whose  presence  at 
the  discussions  the  Council  may  think  advisable,  and  strangers  so  invited 
shall  be  permitted  to  take  part  in  the  proceedings  but  not  to  vote.  Any 
Member  of  the  Institute  shall  also  have  power  to  introduce  two  strangers 
(see  Form  L)  to  any  General  Meeting,  but  they  shall  not  take  part  in  the 
proceedings  except  by  permission  of  the  Meeting. 

41. — No  alteration  shall  be  made  in  the  Bye-laws  of  the  Institute, 
except  at  the  Annual  Meeting,  or  at  a  Special  Meeting  for  that  purpose, 
and  the  particulars  of  every  such  alteration  shall  be  announced  at  a 
previous  Ordinary  Meeting,  and  inserted  in  its  minutes,  and  shall  be 
exhibited  in  the  room  of  the  Institute  fourteen  days  previous  to  such 
Annual  or  Special  Meeting,  and  such  Meeting  shall  have  power  to  adopt 
any  modification  of  such  proposed  alteration  of  the  Bye-laws. 

Approved, 

R.  ASSHETOX  CROSS. 

Whitehall, 

2nd  July,  1&77. 
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APPENDIX  TO  THE  BYE-LAWS. 


[FORM  A.] 

A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full], 
being  upwards  of  twenty-eight  years  of  age,  and  desirous  of  being  elected 
an  Ordinary  Member  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers,  I  recommend  him  from  personal  knowledge  as  a 
person  in  every  respect  worthy  of  that  distinction,  because — 

\_Sere  specify  distinctly  the  qualifications  of  the  Candidate,  according  to  the  spirit 

of  Bye-law  3. "] 

On  the  above  grounds,  I  beg  leave  to  propose  him  to  the  Council  as 
a  proper  person  to  be  admitted  an  Ordinary  Member. 

Signed Member. 

Dated  this  day  of  18 

We,  the  undersigned,  concur  in  the  above  recommendation,  being 
convinced  that  A.  B.  is  in  every  respect  a  proper  person  to  be  admitted 
an  ordinary  Member. 

FEOM   PERSONAL   KNOWLEDGE. 


Five 
Members. 


[_To  he  filled  up  hy  the  Council.^ 

The  Counci],  having  considered  the  above  recommendation,  present 
A.  B.  to  be  balloted  for  as  a  of  the  North  of  England  Institute 

of  Mining  and  Mechanical  Engineers. 

Signed Chairman. 

Dated  this  day  of  18 
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[FORM  B.] 

A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full], 
being  desirous  of  admission  into  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers,  we,  the  undersigned,  propose  and  recommend 
that  he  shall  become  [an  Honorary  Member,  or  an  Associate  Member,  or 
a  Student]  thereof. 


Three* 
Members. 


*  If  an  Honorary  Member,  five  signatures  are  necessary,  and  the  following 
Form  must  be  tilled  in  by  the  Council. 

Dated  this  day  of  18 


\_To  he  filled  up  by  the  Council.~\ 

The  Council,  having  considered  the  above  recommendation,  present 
A.  B.  to  be  balloted  for  as  an  Honorary  Member  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers. 

Signed  . Chairman. 

Dated  day  of  18 


[FORM  C] 

A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full], 
being  at  present  a  of  the  North  of  England  Institute  of  Mining 

and  Mechanical  Engineers,  and  upwards  of  twenty-eight  years  of  age,  and 
being  desirous  of  becoming  an  Ordinary  Member  of  the  said  Institute,  I 
recommend  him,  from  iwsonal  Icnoivledge,  as  a  person  in  every  respect 
worthy  of  that  distinction,  because — 

\_Here  specify  distinctly  the  Qualifications  of  the  Candidate  according  to  the  spirit 

of  Bye-law  5.] 

On  the  above  grounds,  I  beg  leave  to  propose  him  to  the  Council  as 
a  proper  person  to  be  admitted  an  Ordinary  Member. 

Signed Member. 

Dated  this  day  of  18 

"We,  the  undersigned,  concur  in  the  above  recommendation,  being 
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convinced  that  A.  B.  is  in  every  respect  a  proper  person  to  be  admitted 
an  Ordinary  Member. 

FEOM   PERSONAL  KNOWLEDGE. 


Two 

Members. 


[ro  be  filled  up  by  the  Council.'] 

The  Council,  having  considered  the  above  recommendation,  present 
A.  B.  to  be  balloted  for  as  an  Ordinary  Member  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers. 

Signed Chairman. 

Dated  day  of  18 


[FORM  D.] 

List  of  the  names  of  persons  to  be  balloted  for  at  the  Meeting  on 
,  the  day  of  18 

Ordinary  Members:— 


Associate  Members: — 


Honorary  Members 


Students  : — 


Strike  out  the  names  of  such  persons  as  you  desire  should  not  be 
elected,  and  hand  the  list  to  the  Chairman. 


[FORM  E.] 

SiR^ — I  beg  leave  to  inform  you  that  on  the  day  of 

you  were  elected  a  of  the  North  of  England  Institute  of 

Mining  and  Mechanical  Engineers,  but  in  conformity  with  its  Rules  your 
election  cannot  be  confirmed  until  the  enclosed  form  be  returned  to  me 


!m- 


with  your  siijnature,  and  until  your  first  annual  subscription  be  paid,  the 
amount  of  which  is  £  ,  or,  at  your  option,  the  life-composition 

of£ 

If  the  subscription  is  not  received  within  two  months  from  the  present 
date,  the  election  will  become  void  under  Bye-law  15. 

I  am,  Sir, 

Yours  faithfully, 

Secretary. 
Dated  18 


[FORM  F,1 

I,  the  undersigned,  being  elected  a  of  the  North 

of  Eugland  Institute  of  Mining  and  Mechanical  Engineers,  do  hereby 
agree  that  I  will  be  governed  by  the  Charter  and  Bye-laws  of  the 
said  Institute  for  the  time  being ;  and  that  I  will  advance  the  objects 
of  the  Institute  as  far  as  shall  be  in  my  power,  and  will  not  aid  in  any 
unauthorised  publication  of  the  proceedings,  and  will  attend  the  meetings 
thereof  as  often  as  I  conveniently  can ;  provided  that  whenever  I  shall 
signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdrawing  my 
name  therefrom,  I  shall  (after  the  payment  of  any  arrears  which  may  be 
due  by  me  at  that  period)  cease  to  be  a  Member. 

Witness  my  hand  this  day  of  18 


[FORM  G.] 

Sir, — I  am  directed  by  the  Council  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  to  draw  your  attention  to  Bye- 
law  17,  and  to  remind  you  that  the  sum  of  £  of  your  annual 
subscriptions  to  the  funds  of  the  Institute  remains  unpaid,  and  that  you 
are  in  consequence  in  airear  of  subscription.  I  am  also  dii'ecied  to 
request  that  you  will  cause  the  same  to  be  paid  without  further  delay, 
otherwise  the  Council  will  be  under  the  necessity  of  exercising  their 
discretion  as  to  using  the  power  vested  in  them  by  the  Article  above 
rcfeiTcd  to. 

I  am,  Sir, 

Yours  faithfully, 

Secretary 
Duced  18 


ix;i 

[FOiiM  n.] 

Sir, — I  am  directed  by  the  Council  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  to  inform  you,  that  in  consequence 
of  non-payment  of  your  arrears  of  subscription,  and  in  pursuance  of 
Bye-law  17,  the  Council  have  determined  that  unless  payment  of  the 
amount  £  is  made  previous  to  the  day  of 

next,  they  will  proceed  to  declare  that  you  have  ceased  to  be  a  Member  of 
the  Institute. 

But,  notwithstanding  this  declaration,  you  will  remain  liable  for  pay- 
ment of  the  arrears  due  from  you. 

I  am,  Sir, 

Yours  faithfully. 

Secretary. 

Dated  18 


[FORM  I.] 

SiE, — I  am  directed  by  the  Council  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  to  inform  you  that,  upon  mature 
considei-ation  of  a  proposal  which  has  been  laid  before  them  relative  to 
you,  they  feel  it  their  duty  to  advise  you  to  withdraw  from  the  Institute, 
or  otherwise  they  will  be  obliged  to  act  in  accordance  with  Bye-law  1 8. 

I  am.  Sir, 

Yours  faithfully, 

Secretary. 

Dated  1 8 


[FORM  J.] 

Sir, — It  is  my  duty  to  inform  you  that,  under  a  resolution  passed  at  a 
Special  General  Meeting  of  the  Nortli  of  England  Institute  of  Mining 
and  Mechanical  Engineers,  held  on  the  day  of 

18       ,  according  to  the  provisions  of  Bye-law  18 
you  have  ceased  to  be  a  Mcjnber  of  the  Institute. 

I  am,  Sir, 

Yours  faithfully^ 

Secretary, 

Dated  18 
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[FORM  K.] 
BALLOTING     LIST. 


Ballot  to  take  place  at  the  Meeting  of 


18 


at  Two  o'Cloclf. 


President — One  Name  only  to  be  returned,  or  the  vote  will  Le  lost. 
President  for  the  current  year  eligible  for  re-election. 


New  Nominations. 


Vice-Pbesidents — Six  Names  only  to  be  returned,  or  the  vote 

will  be  lost. 
The  Votes  for  any  Slembers  who  may  not  be  elected  as 
President  or  Vice-Presidents  will  count  for  them  as  other  Members 
of  the  Council. 


o 


Vice-Presidents    for   the    current   year    eligible    for   re- 
election. 


■  New  Nominations. 


Council — Eighteen  Names  only  to  be  returned,  or  the  vote 

will  be  lost. 


Members  of  the  Council  for  the  current  year  eligible  for 
re-electiou. 
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New  Nominations. 


Extract  from  Bye-law  21. 


Each  Original,  Ordinary,  and  Associate  Member  shall  be  at  liberty  to 
nominate  in  writing,  and  send  to  the  Secretary  not  less  than  eight  days  prior 
to  the  Ordinary  General  Meeting  in  June,  a  list,  duly  signed,  of  Aleinbers 
suitable  to  till  the  Offices  of  President,  Vice-Presidents,  and  Members  of 
Council,  for  the  ensuing  year.  Tlie  Council  sliall  prepare  a  list  of  the  persons 
so  nominated,  together  with  the  names  of  the  Officers  for  the  current  yeiir 
eligible  for  re-election,  and  of  such  other  Members  as  they  deem  suitable  for 
the  various  offices.  Such  list  shall  comprise  the  name^  of  not  less  than  thirty. 
The  list  so  prepared  by  the  Council  shall  be  submitted  to  the  General  Meeting 
in  June,  and  shall  be  the  balloting  list  for  the  annual  election  in  August.  (See 
'Poriu  K  iu  the  Appendix.)    A  cojyof  this  list  shall  le  posted  at  Ic-ist  s^v^n  d^wi 
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Ixiv 


previous  to  the  Annual  Meeting,  to  every  Original,  Ordinary,  and  Associate  Member ; 
who  may  erase  any  name  or  names  from  the  list,  and  substitute  the  name  or  names  of 
any  other  person  or  persons  eligible  for  each  respective  office  ;  but  the  number  of 
persons  on  the  list,  after  such  erasure  or  substitution,  must  not  exceed  the  number  to 
lie  elected  to  the  respective  offices.  Papers  which  do  not  accord  with  these  directions 
shall  be  rejected  by  the  .scrutineers.  The  votes  for  any  Members  who  may  not  bo 
elected  President  or  Vice-Presidents  shall  count  for  them  as  Members  of  the  Council. 
The  Chairman  shall  appoint  four  Scrutineers,  who  sliall  receive  the  balloting  papers, 
and  after  making  the  necessary  scrutiny  destroy  tlie  same,  and  sign  and  hand  to 
the  Chairman  a  list  of  the  elected  Otticers.  The  balloting  papers  may  be  re- 
turned through  the  post,  addressed  to  the  Secretary,  or  be  handed  to  him,  or  to 
the  Chairman  of  the  Meeting,  so  as  to  be  received  before  the  appointment  of  tiie 
Scrutineers  for  the  election  of  Officer.';. 


Names  substituted  for  any  of  the  above  are  to  be  written  in  the  blank 
spaces  opposite  those  they  are  intended  to  supersede. 

The  following  Members  are  ineligible  from  causes   specified  in 
Bye-law  19  :— 

As  President 

As  Vice-Pkesident .  

As     COTJNCILLOES 


[FORM  L.] 

Admit 

of 

fco  the  Meeting  on  Saturday,  the 

(Signature  of  Member  or  Student) 

The  Chair  to  be  taken  at  Two  o'Clock. 
I  undertake  to  abide  by  the  Regulations  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers,  and  not  to  aid  in  any  unauthorised 
publication  of  the  Proceedings. 

(Signature  of  Visitor) 
Not.  transferable. 


NORTH  OF  ENGLAND  INSTITUTE 


OF 


MINING  AND  MECHANICAL  ENGINEERS. 


GENERAL  MEETING,  SATURDAY,  OCTOBER  10th,  1885,  IN  THE  WOOD 
MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


JOHN  DAGLISH,  Esq.,  President,  ix  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  meeting  and  reported 
the  Proceedings  of  the  Council.  ' 

The  following  gentleman  was  elected,  having  been  previously  nomi- 
nated : — 

Associate  Member — 
Mr.  G.  R.  Pearson,  12,  Bensham  Crescent,  Gateshead. 

The  following  gentleman  was  nominated  for  election  : — 

Associate  Member — 
Mr.  Edward  Septimts  Wight,  Marsden  Colliery,  South  Shields. 


The  President  said,  that  the  full  minutes  of  the  Council  meeting  of 
to-day  would  l)e  read  at  the  next  meeting,  and  the  only  matter  that  had 
been  brought  before  the  Council  that  it  was  necessary  to  mention  was  that 
considerable  attention  had  been  given  to  tlie  question  of  an  Excursion  of 
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the  members  next  year,  and  a  committee  had  been  appointed  to  consider 
the  matter.  At  present  it  seemed  to  be  rather  the  feehng  of  the  Council 
that  it  would  be  more  advisable  for  them  to  stay  at  home  next  year  and 
entertain  the  members  of  other  Institutes,  and,  possibly,  have  some  such 
gathering,  in  the  form  of  a  Mining  Exhibition,  as  there  had  been  at 
Glasgow.  The  subject  would  be  carefully  considered  and  brought  before 
the  members  in  due  course. 


Professor  P.  Phillips  Bedson,  D.  Sc,  F.C.S.,  read  the  following 
paper  on  "  The  Testing  of  Safety  Lamps :  an  Account  of  Experiments 
made  by  Professors  Kreischer  and  Winkler": — 


'UK   TKSTING    OF   SAFETY   LAMPS. 


THE  TESTING  OF  SAFETY  LAMPS  :  AN  ACCOUNT  OF 
EXPERDIENTS  MADE  BY  PROFESSORS  KREISCHER 
AND  WINKLER. 


By  Professor  I'.  P.  KP^DSON,  D.Sc. 


The  object  of  this  paper  is  to  give  an  account  of  the  experiments  made 
by  Professors  Kreischer  and  "Winkler  in  their  investigation  of  the 
behaviour  of  various  safety  lamps,  which  was  conducted  at  the  request 
of  the  Saxon  Royal  Commission  formed  for  the  purpose  of  revising  the 
regulations  for  securing  safety  in  mines.*  It  is  not  intended  to  give  an 
account  of  the  whole  of  the  results  obtained,  but  rather  such  as  will  bring 
before  the  members  those  having  a  more  or  less  direct  bearing  on  the 
Wolf  safety  lamp,  described  by  Mr.  T.  W.  Running  at  the  last  meeting. 

The  writer  trusts  that  it  will  not  be  considered  out  of  place  if  he 
follow,  in  some  measure,  the  report  itself,  and  devote  a  few  introductory 
remarks  to  the  nature  of  flame. 

The  insight  into  the  phenomena  of  combustion  acquired  towards  the 
close  of  the  last  century  cleared  the  way  towards  a  true  conception  of  the 
nature  of  flame,  an  explanation  of  which  was  first  given  by  Sir  Humphry 
Davy.  It  is  interesting  to  remember  that  Davy's  investigations  of  flame 
were  a  result  of  the  efforts  made  by  him  to  secure  greater  safety  in  the 
working  of  coal  mines,  which  led  to  the  discovery  of  the  safety  lamp 
known  by  his  name.  An  account  of  his  views  on  the  nature  of  flame  was 
given  in  a  paper  entitled  "  Some  Researches  on  Flame,"  and  communi- 
cated to  the  Royal  Society  on  the  16th  January,  1817,  in  which  he  shows 
flame  to  be  gaseous  matter  raised  l)y  the  heat  of  chemical  action  to 
temperatures  so  high  as  to  be  luminous. 

Sir  Humphry  Davy  was  the  first  to  point  out  that  the  luminosity  of 
flames  depends  not  alone  upon  the  temperature  produced  in  the  combus- 
tion, but  upon  the  separation,  taking  place  in  the  flame,  of  solid  matter, 
which  is  raised  to  incandescence,  to  undergo,  later  on,  combustion  more 

*  The   report  of  Professors  Kreischer  and  Winkler  appeared  in  the  Jalirhuch  fiir 
das  Berg-  und  Hutteii-wesen  hn  Kiinigreiche  Savhsen.     1881.    Erstes  Heft.     P]".  1-77. 
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01"  less  complete.  The  luminosity  of  ordinary  flames,  such  as  those  of 
coal  gas,  and  of  candles,  &c.,  is,  according  to  the  theory  of  Davy,  due  to 
the  separation  in  them  of  solid  carbon. 

From  the  study  of  the  flames  of  other  combustible  substances,  Frank- 
land  has  arrived  at  conclusions,  as  to  the  causes  of  the  luminosity  of 
flames,  opposed  to  those  of  Davy.  According  to  his  views,  it  is  not  solid 
carbon  which  separates  out  in  the  flame,  but  gaseous  hydrocarbons  of 
great  density  which  are  generated,  and  to  the  heating  of  these  to  incan- 
descence he  assigns  the  luminosity  of  ordinary  flames. 

To  discuss  more  deeply  the  nature  of  the  evidence  bearing  upon  this 
point  would  be  unsuited  to  a  paper  of  this  character ;  suiBce  it  to  say, 
that  experiments  conducted  since  the  year  1875  by  Heumann  have 
resulted  in  upholding  the  views  of  Davy.  A  flame  is  now  regarded  as 
nothing  more  or  less  than  a  stream  of  strongly  heated  gas,  which,  under 
certain  conditions,  may  be  more  or  less  luminous. 

The  production  of  light  can,  in  the  case  of  the  ordinary  illuminating 
agents  in  use,  be  only  attained  when  the  heat  produced  in  the  burning 
of  the  hydrocarbons  is  sufficiently  great  to  decompose  the  combustible 
gas,  so  as  to  effect  a  separation  of  carbon  and  at  the  same  time  to  raise 
this  carbon  to  incandescence.  Marsh  gas  burns  with  a  non-luminous 
flame,  because  the  temperature  produced  by  its  combustion  does  not  suffice 
to  resolve  this  highly  stable  compound  into  its  elements.  On  the  other 
hand,  the  flame  of  an  easily  decomposible  hydrocarbon,  such  as  oil  of 
turpentine,  is  an  extremely  smoky  one,  owing  to  the  ease  with  which  it  is 
resolved  into  carbon  and  hydrogen.  At  the  same  time,  this  flame  is  but 
feebly  luminous,  since  the  temperature  produced  by  the  combustion  of 
the  oil  of  turpentine  is  insufficient  to  raise  the  carbon  to  incandescence. 
By  directing  a  stream  of  oxygen  on  to  the  flame  of  burning  turpentine,  a 
more  intense  combustion  ensues,  and  it  then  becomes  highly  luminous. 

The  flame  is,  however,  only  a  part  of  the  stream  of  gas  which  produces 
it,  namely  the  highly-ignited  portion,  upon  which  the  recognition  of  its 
existence  depends.  Its  power  to  give  out  light  is  dependent,  in  the  first 
instance,  on  the  nature  of  the  combustible  gas  and  of  the  products  of  its 
combustion,  and  may,  in  no  small  degree,  be  affected  by  a  variety  of 
conditions.  As  far  as  concerns  the  safety  lamp  as  a  light  producer,  the 
following  conditions  claim  consideration  : — 

A. — The  Safeiy  Lamp  as  a  Light  Producer. 

(1)  The  nature  of  the  illuminating  agent. 

(2)  The  form  of  the  burner. 

(3)  The  manner  in  which  air  is  sup})licd. 
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1. — The  illimiiiiatiiig  i\i>eiils  which  have,  up  to  the  pi'esent,  been  used 
in  stit'etj  lamps,  either  in  practice  or  merely  experimentally,  are — 

(a)  Eape  oil. 

(b)  A  mixture  of  rape  oil  and  petroleum. 

(c)  Benzine. 

a.  Inasmuch  as  rape  oil  is  not  volatile,  in  order  that  it  may  be  con- 

verted into  a  combustible  gas,  burning  with  a  luminous  flame, 
the  oil  must  be  subjected  to  the  process  of  dry  distillation,  an 
operation  eflfected  at  the  expense  of  the  heat  of  combustion  of  the 
oil  itself.  Not  only  are  volatile  bodies  produced  in  the  distilla- 
tion, but  a  non-volatile  residue  of  carbonaceous  matter  is  also 
formed,  filling  up,  in  time,  the  capillaries  of  the  wick,  interfer- 
ing in  this  way  with  the  flow  of  the  oil,  and  producing  thick 
crusts  on  the  wick,  requiring  constant  removal,  but  in  spite  of 
which,  this  formation  soon  leads  to  an  irregularity  and  a  diminu- 
tion in  the  light  produced. 

b.  A  mixture  of  rape  oil  and  petroleum  possesses  the  advantage  over 

rape  oil  itself,  in  its  mobility,  by  virtue  of  which  it  flows  more 
easily  into  the  wick.  A  special  form  of  wick  is,  however, 
required  for  the  burning  of  this  mixture,  and  it  may  thus  be 
made  to  burn  with  a  brightly  luminous,  non-smoky  flame,  and 
continue  to  do  so  for  many  hours  with  satisfactory  regularity, 
the  wick  requiring  but  seldom  to  be  freed  from  the  solid  matter, 
which,  in  the  use  of  this  mixture,  makes  its  appearance  more 
slowly  than  is  the  case  when  rape  oil  alone  is  Imrnt.  With  a 
properly  constructed  wick  holder,  a  mixture  containing  as  much 
as  50  per  cent,  of  petroleum  may  be  used ;  the  higher  the  per- 
centage of  petroleum,  the  smaller  the  tendency  to  the  separation 
of  carbon  in  the  wick. 

c.  Owing  to  its  volatility,  benzine  reaches  the  wick  completely,  and 

is  converted  into  gas,  which  burns  away  entirely  without  any 

separation  of  carbon.     Benzine  possesses,  therefore,  the   great 

advantage  that  it  burns  with  a  highly  luminous  flame,  without 

the  wick  being  destroyed  or  undergoing  any  change. 

2. — The  form  of  the  burner,  in  the  case  of  the  safety  lamp,  is,  of 

course,  the  same  as  that  of  the  wick.      For  benzine  a  common  round 

wick  suffices,     A  moderately  broad  flat  wick,  -'62  in.  in  width,  should  be 

used  with  rape  oil,  and  for  a  mixture  of  rape  oil  and  petroleum  a  much 

wider  wick  is  required  ('oQ  to  '07  in.)     The  effect  on  the  illuminating 

power  of  a  flame,  produced  by  the  burner,  can  be  observed  in  any  ordinary 
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gas  flame.  The  size  of  tlie  blue  non-luminous  zone  relative  to  the  lumi- 
nous portion  will  be  seen  to  increase  with  the  higher  conductivity  of  the 
material  of  which  the  burner  is  constructed  ;  hence  steatite  burners  are 
more  economical  than  those  made  of  metal.  Where  such  materials  as 
rape  oil  and  mixtures  of  rape  oil  and  paraflBn  are  used,  the  heat  con- 
ducted away  by  the  burner  is  so  small,  compared  to  that  used  in  the  dis- 
tillation of  the  oil,  as  to  need  no  consideration ;  but  in  the  case  of  benzine 
it  would  be  useful  to  try  what,  if  any,  advantage  would  result  from  the 
use  of  a  wick-holder  constructed  of  steatite  or  other  like  material. 

3. — Considerable  differences  of  opinion  have  obtained  as  to  the  most 
suitable  manner  in  which  the  air  should  be  admitted  in  a  safety  lamp. 
The  admission  of  air  from  above  must,  from  a  chemical  point  of  view,  be 
described  as  totally  opposed  to  the  conditions  favourable  to  the  process 
of  combustion.  In  lamps  so  constructed  the  air  required  by  the  flame 
must  sink  into  the  glass  cylinder,  and  the  products  of  combustion 
formed  there  must  rise  in  order  to  find  an  outlet.  In  this  way  opposing 
currents  are  produced,  affecting  the  intensity  of  the  combustion,  and 
even  causing  movements  in  the  flame  itself.  In  this  respect,  lamps  in 
which  the  air  is  admitted  from  below,  and  in  which  a  draught  passing 
vertically  through  the  lamp  is  produced,  conform  in  the  natural  and  only 
way  to  the  conditions  favourable  to  the  production  of  flame. 

B. — The  Safely  Lamp  as  S'afe-ffuard  and  Indicator. 

The  changes  produced  in  the  appearance  of  a  flame,  when  surrounded 
by  a  mixture  of  air  and  combustible  gas,  are  so  characteristic  that  the 
safety  lamp  serves  not  only  as  a  light  producer,  but  also  as  an  important 
and  convenient  indicator  of  the  presence  of  such  combustible  gases  as 
marsh  gas.  The  nature  of  these  phenomena  may  be  regarded  as  depen- 
dent upon  the  following  conditions : — 

(1.)  Construction  of  the  lamp. 

(2.)  Nature  of  the  lamp  flame. 

(3.)  Xature  of  the  illuminating  agent. 

(■4.)  Nature  of  the  combustible  gas. 

1. — The  influence  of  the  construction  of  the  lamp  on  the  matter  under 
consideration  depends  upon  the  manner  in  which  the  air  is  admitted. 

a.  With  a  lam})  in  which  the  air  is  admitted  from  below,  when 
brought  into  an  explosive  mixture,  this  latter  must,  under  all 
conditions,  be  drawn  into  immediate  contact  with  the  flame,  which 
will,  therefore,  form  the  centre  of  the  field  of  explosion,  and  will 
be  more  or  less  di.sturl)ed,  or  even  extinguished,  according  to  the 
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amount  of  gas  in  the  mixtnro.  The  force  of  the  explosion  will, 
with  equal  force,  extend  in  an  upward  and  downward  direction, 
and  if  a  series  of  explosions  are  produced  in  rapid  succession  the 
force  is,  as  a  rule,  sufficiently  strong  to  extinguish  the  flame  and 
the  cap  formed  in  the  gauze.  This  behaviour  of  the  lamp  is  a 
guarantee  not  only  for  its  sensitiveness,  but  also  its  safety. 
b.  If  the  mixture  of  air  and  combustible  gas  reaches  the  flame  from 
above,  so  close  a  contact  with  the  flame  as  that' described  above 
cannot  be  effected,  since  the  path  of  the  air  is  restricted.  The 
volume  of  the  mixture  which  will  reach  the  flame  will  be  approxi- 
mately equal  to  that  of  the  heated  products  of  combustion,  and 
consequently  but  little  more  air  than  is  required  for  tlie  support 
of  the  combustion  of  the  illuminating  body  will  find  its  way 
into  the  glass  cylinder.  On  the  other  hand,  the  air  will  pass 
through  the  gauze  unopposed.  When  a  lamp  so  constructed  is 
brought  into  an  atmosphere  containing  an  explosive  mixture,  the 
gas  takes  fire  with  an  explosion,  but  afterwards  burns  quietly,  the 
lamp-flame  dies  out  for  want  of  oxygen,  and  the  cap  in  the  gauze 
will  continue  to  burn  as  long  as  the  supply  of  combustible  gas  is 
kept  up  from  without.  The  lamp  flame  is,  therefore,  extinguished, 
but  the  cap  continues  to  burn,  and  although  the  heating  of  the 
gauze  to  redness  may  never  have  been  observed,  still  this  behaviour 
of  lamps  so  constructed  constitutes,  without  doubt,  their  greater 
danger. 
2. — The  influence  of  the  "  nature  of  the  lamp  flame,"  neglecting  that 
due  to  the  quality  of  the  illuminating  material  and  the  form  of  the  wick, 
is  to  be  found  chiefly  in  the  size  of  the  flame,  of  which  it  is  customary  to 
distinguish  two  sizes,  viz.: — 

{a.)  Normal  flame. 
(&.)  Reduced  flame. 
a.  The  "  normal  flame  "  should  burn  in  pure  air  with  its  full  luminous 
power,  and  continue  to  do  so,  with  a  sharp,  well-defined  form. 
When  brought  in  contact  with  a  mixture  of  air  and  marsh  gas, 
an  elongation,  a  rising  up  of  the  flame,  is  observed,  the  lumi- 
nosity being  but  slightly  effected.  Simultaneously  a  blue  feebly- 
luminous  "cap"  makes  its  appearance,  surrounding  the  flame, 
produced  by  the  burning  of  the  marsh  gas  contained  in  tlie  air. 
With  mixtures  containing  but  little  marsh  gas  this  combustion 
takes  place  in  immediate  contact  with  the  flame  only,  the  coolino^ 
down  due  to  the  indifferent  gases  contained  in  the  mixture  pre- 
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venting  the  extension  of  this  mavsh  gas  flame.  The  higher  the 
proportion  of  the  marsh  gas  relative  to  the  non -combustible  gases 
associated  with  it  the  more  evident  and  extended  Is  the  blue  cap, 
the  greater  the  tendency  of  the  flame  to  rise  in  height,  and  the 
greater  the  diminution  in  its  luminosity.  Together  with  these 
may  be  mentioned  the  more  fugitive  phenomena  presented  by  the 
flame,  such  as  its  circular  movement  and  its  flickering,  and  the 
so-called  spinning  of  the  flame,  in  which  the  flame  melts  away 
into  the  burning  fire-damp  and  ascends,  by  reason  of  its  high 
temperature,  with  spiral  motion  into  the  gauze,  or  even  to  the 
roof  of  the  lamp  itself,  at  the  same  time  suffering  such  complete 
loss  of  luminosity  that  only  now  and  then  single  threads,  of  a  dull 
red  colour,  are  visible  in  the  centre  of  the  blue  column.  These 
luminous  threads  disappear  with  larger  proportions  of  marsh  gas; 
a  blue  non-luminous  flame  is  produced,  extending  from  the  wick 
into  the  cage,  and,  striking  against  the  top,  moves  downwards 
with  a  wave-like  motion,  and  a  steadily  increasing  downward 
movement  at  its  edges,  until  the  glass  cylinder  itself  is  reached. 
This  flame,  when  the  mixture  is  permanently  ignited,  forms  a 
cap  of  well-defined  form,  separated  completely  from  the  wick,  and 
the  lamp  flame  is  entirely  extinguished.  As  already  mentioned, 
with  lamps  in  which  the  air  is  admitted  above  the  burner,  the 
cap  remains  stationary;  whereas,  with  those  in  which  the  air 
enters  from  below,  a  series  of  small  explosions  takes  place,  the  flame 
passing  back  to  the  wick  and  at  times  rekindling  the  lamp,  but 
finally  eflFectually  extinguishing  both  the  lamp  flame  and  the  cap 
itself.  The  remarkable  bell-shape  assumed  by  the  cap  in  the 
gauze,  under  certain  conditions,  is  to  be  explained  by  a  local 
admixture  taking  place  between  the  combustible  gas  and  the 
products  of  combustion,  which,  resulting  in  a  reduction  of  the 
inflammability  of  the  former,  produces  an  apparent  repulsion  of 
the  cap  by  the  walls  of  the  gauze  cage. 
The  "reduced  flame"  of  the  safety  lamp  is  produced  by  lowering  the 
wick  until  a  small  non-luminous  blue  flame,  about  |  of  an  inch 
high,  is  obtained.  Its  want  of  luminosity  permits  of  the  changes 
produced  by  the  presence  of  marsh  gas  being  detected  with 
considerable  ease,  even  in  the  early  stages.  According  to  the  pro- 
portion of  marsh  gas  in  the  mixture,  there  will  either  be  a  narrow 
pale  bluish-red  flame  floating  round  the  lamp  flame,  or  the  flame 
may  gradually  assume  a  conical  form,  or,  perchance,  shoot  up- 
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wards,  fonntain-likc,  in  tlie  form  of  a  narrow  blue  stream,  accord- 
ing: as  tlie  heat  from  the  lamp  flame  suffices  to  raise  a  smaller  or 
greater  quantity  of  the  gas  in  the  mixture  to  its  temperature  of 
ignition.  "With  further  increase  in  the  proportion  of  marsh  gas 
the  narrow  blue  stream  begins  to  whirl  round  the  roof  of  the 
gauze  cage  ;  it  increases  in  size,  and  after  assuming,  first,  a  funnel- 
like form,  then  bell-like,  is  severed  from  the  wick,  ascends  into 
the  gauze,  which  it  fills  completely,  there  to  remain,  unless 
extinguished  by  a  sudden  back  stroke. 
3. — The  material  used  for  illuminating  purposes  has  certain  influence 
on  the  sensitiveness  of  the  safety  lamp. 

The  benzine  flame  has,  by  reason  of  its  mobility  and  the  ease  with 
which  it  may  be  regulated,  shown  itself  under  all  conditions  to  be  highly 
satisfactory.  The  changes  produced  in  it  by  marsh  gas  are  pronounced ; 
more  especially  is  this  the  case  with  the  "  reduced  flame,"  and  further,  it  is 
easily  extinguished  by  the  force  of  explosions  produced  in  the  lamp  itself. 
Only  after  it  has  been  kept  in  an  atmosphere  highly  charged  with  marsh 
gas  does  its  behaviour  become  at  all  abnormal,  insomuch  as  vaporisation 
of  the  benzine  taking  place,  the  appearance  of  the  cap  is  affected,  and, 
as  is  shown  in  Plate  II,  a  slightly  luminous  zone  makes  its  appearance. 

The  flame  of  rape-oil  is,  in  general,  less  mobile  and  sensitive  than 
that  of  benzine.  As  a  special  disadvantage  attending  the  use  of  this 
material  may  be  mentioned  the  diflaculty  experienced  in  reducing  the 
flame.  When  this  is,  however,  successfully  accomplished,  the  flame  yields 
in  no  degree  of  sensitiveness  to  that  of  benzine. 

In  mixtures  of  gases  containing  but  small  proportions  of  marsh  gas 
the  indications  obtained  from  the  flame  of  the  mixture  of  rape  oil  and 
petroleum  place  this  material  above  either  of  the  other  two.  When  the 
marsh  gas  has  reached  a  certain  proportion,  however,  the  flame  becomes 
so  unsteady  as  to  be  practically  useless.  The  "  reduced  flame  "  with  this 
material  does  not  in  any  way  approach  in  delicacy  those  of  benzine  or  of 
rape  oil. 

4. — The  indications  given  by  the  flame  of  a  safety  lamp  further  depend 
upon  the  specific  character  of  the  combustible  gas  mixed  with  the  air,  as 
also  upon  the  composition  of  the  mixture  ;  thus,  marsh  gas  mixed  with  air 
produces  a  blue  cap,  ordinary  coal  gas  a  pale  blue,  whilst  hydrogen  will 
produce  an  almost  colourless  cap.  The  influence  of  the  composition  of  the 
mixture  is  determined  by  the  amounts  of  oxygen  required  for  the  com- 
bustion of  the  gases  contained  in  it.  If  the  gas  so  occluded  in  coal  consisted 
of  marsh  gas  or  methane  alone,  it  would  suffice  to  consider  here  its  oxygen 
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requirements  only,  but  as  coal  gas  mixed  with  air  is  frequently  used  in 
testing  lamps,  and  further,  as  in  all  probability  gas  occluded  in  coal,  and 
consequently  that  found  in  the  workings,  consists  of  a  mixture  of  other 
hydrocarbons  associated  with  marsh  gas,  it  will  be  necessary  to  consider 
the  amounts  of  oxygen  required  by  these. 

The  following  table  gives  the  volumes  of  oxygen  needed  for  the  com- 
plete combustion  of  each  of  the  gases  mentioned  : — 

TABLE  I. 

2  volumes  of  Hydrogen  require  1  volume  of  Oxygen. 

2  ,,  Ciirbou  Monoxide  (CO)  require  1  volume  of  Oxygen. 

2  „  Marsh  Gas  (Methane,  CH.,)  requii-e  4  volumes  of  Oxygen. 

2  „  Acetylene  (Ca Ha)                        „         5         „                 „ 

2  „  Ethylene  (C,HJ                        „         6 

2  „  Ethane  (CoH„)                           „         7         „                 „ 

2  „  Propylene  (C.5H,;)                      ,,         9         „                „ 

2  „  Propane  (CgH^)                           „       10         „                  „ 

2  „  Butylene  (C^HJ                        „       12 

2  „  Butane  (C4H,o)                         „       13         „                 „ 

2  „  Benzene  Vapour  (CgH^)           „       15         „                 „ 

Supposing  the  normal  amount  of  oxygen  in  air  to  be  20'7  volumes 
per  100,  then  a  mixture  of  each  of  these  combustible  gases  with  air 
which  would  contain  oxygen  sufficient  to  burn  the  gas  completely,  and 
which,  therefore,  would  produce  the  maximum  effect  when  exploded, 
must  contain  the  following  amounts  of  each  of  the  gases  : — 


TABLE 

II. 

Hydrogen 

= 

29-28  ■ 

vol.  p.  c, 

Carbon  Monoxide 

= 

29-28 

3) 

Methane 

= 

9-38 

)1 

Acetylene 

= 

7-64 

r) 

Ethylene 

= 

6-45 

7» 

Ethane 

= 

5-58 

!1 

Propylene 

= 

4-39 

1) 

Proi)aiie 

= 

3-97 

)1 

Butylene 

= 

3-33 

:i 

Butane 

= 

3-08 

3* 

Benzene  V: 

apour 

= 

2-68 

?• 

These  values  may  be  conveniently  styled  "  Explosions  Maxima." 
The  investigations  of  E.  von  Meyer  have  shown  that  the  gases 
occluded  in  coal,  contain  hydrocarbons  belonging  to  the  same  series  as 
marsh  gas,  and,  in  all  probability,  the  hydrocarbon  ethane,  together  with 
smaller  quantities  of  members  of  other  series  such  as  the  defines, 
(C„H.^). 
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To  form  some  idea  of  the  effect  produced  by  ethane  mixed  with 
methane  in  fire-damp,  two  examples  of  its  influence  will  suffice. 

First,  taking  the  results  of  the  analysis  of  the  occluded  gas  in  the 
"Zwickau  Forstschachtes,"  made  by  Von  Meyer,  and  found  by  him  to  con- 
tain 7*68  volumes  of  ethane  to  oO'Gl  volumes  of  methane,  therefore,, 
leaving  the  non-combustible  gases  out  of  consideration,  the  proportion  of 
these  gases  in  100  volumes  would  be 

Methane  88-59 

Ethane  11-41 


100-00 


A  gas  having  this  composition  would,  in  order  to  produce  the  maximum 
effect  on  explosion,  require  to  be  mixed  with  air  in  such  quantity  that  100 
volumes  of  the  mixture  would  contain  8*7  volumes  of  the  o-as,  whilst,  as  will 
be  seen  fi-om  Table  JL,  9'38  volumes  of  pure  methane  are  required. 
An  increase  in  the  proportion  of  ethane  to  methane  will  have  the  effect  of 
further  reducing  the  volume  of  such  gas,  which,  when  mixed  with  air,  will 
produce  a  maximum  effect  on  explosion,  or  in  other  words,  a  smaller 
volume  of  the  combustible  gas  would  suflRce  to  impart  to  the  fire-damp  a 
high  degree  of  explosiveness. 

A  few  words  must  be  said  of  the  influence  of  indifferent  gases.  Those 
gases  may  be  regarded  as  indifferent  which,  like  nitrogen,  carbon  dioxide, 
and  aqueous  vapour  are  unable  to  take  part  chemically  in  the  act  of 
explosion.  The  combustible  gases  themselves  may  also  be  considered  as 
indifferent  gases,  when  present  in  the  mixture  in  amounts  so  great  that  the 
oxygen  present  will  not  suffice  for  their  complete  combustion.  Indifferent 
gases  act  on  explosive  mixtures  as  diluents,  and  their  cooling  effect  in  the 
explosion  is  proportional  to  their  relative  amounts,  the  inflammability 
and  the  effect  of  explosion  being  reduced  in  like  proportion.  Experiment 
has  shown  that  moderate  quantities  of  carbon  dioxide  in  an  explosive 
mixtm-e  have  no  marked  effect  upon  the  flame  of  the  safety  lamp.  As 
much  as  5  per  cent,  of  carbon  dioxide  has  been  found  to  be  without  any 
effect  upon  the  flame,  and  it  may,  therefore,  be  concluded  that  the  usually 
small  amounts  of  this  gas  found  in  the  air  of  mines  are  without  influence 
on  the  indications  given  by  the  safety  lamp  ;  the  same  probably  holds 
true  with  regard  to  other  indifferent  gases,  such  as  nitrogen. 

An  explosive  mixture  of  marsh  gas  and  air  may  suffer  a  loss  of  oxygen 
by  contact  with  coal,  and  consequently,  a  change  will  result  in  the  pro- 
portion between  the  volumes  of  combustible  gas,  and  that  of  the 
supporter  of  combustion.  In  the  oxidation  of  coal  to  carbon  dioxide, 
for  every  volume  of  oxygen  used,  a  volume  of  carbon  dioxide  is  produced. 
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and  consequently,  after  the  oxidation,  the  vohirae  of  this  gas  produced, 

will  be  equal  to  that  of  the  oxygen,  which  has  disappeared.     To  illustrate 

this  by  an  example,  it  may  be  supposed  that  the  fire-damp  consists  of 

pure  methane,  and  that  when  mixed  with  air  forms  a  mixture,  having 

the  following  composition  : — 

Metliaiie ...         ...       7'5  volumes. 

Oxyofen    ...         ...     19'15       „ 

Nitrogen  ...     73"35       „ 


100-00 


It  has  been  already  shown,  that  the  maximum  effect  of  explosion  is  pro- 
duced when  the  volumes  of  marsh  gas  and  oxygen  are  as  2  :  4.  In  the  above 
mixture  the  proportion  is  2  :  5'10.  Supposing,  now,  the  coal  with 
wdiich  the  mi.vture  comes  in  contact  takes  oxygen  from  it  to  the  extent 
of  2'5  volumes  of  oxygen  from  every  100  of  the  mixture,  and  that 
this  oxygen  is  converted  into  the  same  volume  of  carbon  dioxide  ; 
the  mixture  of  gases,  so  produced,  would  then  have  the  following 
composition  : — 

Methane      ...  ...  ...       7"5  volumes. 

Oxygen        ...  ...  ...  16'65       „ 

Nitrogen      ...  ...  ...  73"35       ,. 

Carbon  dioxide  ...  ...       2'5         ,, 


100-00 


In  which  the  proportion  between  the  marsh  gas  and  oxygen  is  that  of 
2  :  •4*4J:  ;  approaching,  therefore,  much  more  nearly  the  proportion 
necessary  for  the  maximum  effect  of  explosion.  It  would,  however,  be  a 
mistake  to  suppose  that  the  mixture  produced  by  this  change  is  more 
dangerous  than  the  first,  inasmuch  as  it  is  associated  with  an  increase 
in  the  carbon  dioxide,  and  it  is  a  matter  of  no  importance  whether  the 
dilution  be  effected  by  2*5  volumes  of  carbon  dioxide  or  by  the  same 
volume  of  oxygen. 


EXPERIMENTS  WITH  WOLF'S  BENZINE  LAMP. 

The  question  naturally  arises,  whether  the  use  of  so  volatile  a 
material,  and  one  so  inflammable  and  so  liable  to  form  easily  explosive 
mixtures  with  air,  as  benzine,  does  not  of  necessity  mean  the  introduction 
into  the  mines  of  a  new  source  of  danger  ?  For  it  must  be  borne  in  mind 
that  a  lamp,  by  long  continued  burning,  may  become  heated  to  tempera- 
tures very  near  the  boiling  point  of  benzine,  viz.,  from  122°-2Gr)°  F., 
thus  causing  a  rapid  vaporisation  of  the  benzine  in  the  oil  receptacle. 
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Nor  is  it  inconceivable  that  drops  of  this  liquid  might  be  forced  out  of 
the  receptacle,  which,  if  ignited,  would,  on  finding  their  way  through 
the  wire  gauze,  lead  to  the  ignition  of  surrounding  fire-damp. 

Experiments  conducted  by  Mine-Inspector  Menzel,  in  conjunction 
with  the  inventor  of  this  lamp,  have  shown  these  fears  to  be  groundless. 
The  experiments  consisted  in  observing  the  changes  produced  when  the 
oil  receptacle  of  the  hghted  lamp  is  gradually  heated  from  122°  to  183°  F, 
The  apparatus  employed  consisted  of  a  hollow  cylinder  of  sheet  iron, 
made  open  above,  and  provided  with  holes  at  the  base  for  the  admission 
of  air.  A  window  for  observations  was  let  in  on  one  side  of  the 
cyhnder.  At  the  bottom  of  the  cyhnder  was  placed  a  water  bath, 
sufficiently  large  to  hold  the  oil  receiver  of  the  lamp,  and  heated  by  a 
lamp  placed  underneath  it.  A  thermometer  placed  in  the  bath  served 
to  indicate  the  changes  in  temperature.  The  water  bath  having  been 
raised  to  the  required  temperature,  the  lighted  lamp  was  placed  in  the 
bath,  and  the  appearance  of  the  flame  noted  as  the  temperature  gradually 
rose.     The  following  are  some  of  the  results  obtained  in  this  way : — 

1. — Benzine  Lamp,  with  Air  Admission  from  Below. 

Time    Temperature  of  Bath. 
in         Degrees.    Degrees.  Observations. 

Minutes.  C.  F. 

0  50-2  122     Flame  1-58  in.  high. 

1  53-7  129 

2  56-2  133 

3  56-9  134     Flame  1-77  in.  high,  flame  flickers  shghtly. 

4  57-7  136 

5  59*0  138     Flame  1"89  in.,  flickering  more  marked. 

6  61-2  142 

7  62-5  144     Flame  1-97  in. 

8  63-7  147 

9  65"6  150     Flame  flickering,  at  times  rises  to  the  height  of  the 

brass  ring, 
lu         t)7"5       154     Flame  2-13  to  2*17  in.  high. 

11  68-5       155 

12  70  158     Flame  flickering,  rises  to  heights  above  the  brass  ring. 

13  71*2       IGO     Tip  of  flame  visible  in  the  gauze  cage. 

14  71'G       IGl     Flame    flickers    up,   extending   at   times    into   the 

gauze  cage. 

15  73  163     Flame  extends  to  the  roof  of  the  gauze  cage. 

16  74'1       165     Flame  begins  to  smoke  :  smoky  clouds  in  the  cage. 

17  76-2       1G9 


u 
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Time 

in 
linutes 

Temperature  of  Bath 

Degrees.    Degrees. 
0.                F. 

18 

77-5 

171 

19 

78-7 

174 

20 

79-4 

175 

21 

80-0 

17G 

22 


23 
24 


81-2       178 


82-7       181 


Observations. 

Very  smoky  flame,  wliicli,  rising  in  cylindrical  form 
to  the  roof  of  the  gauze,  widens  out  as  it  comes 
in  contact  with  it. 

Flame  becomes  less  Imninous. 

Flame  separates  from  the  wick,  is  less  smoky,  and 

brighter. 
A  dark  and  flaring  flame  is  visible  in  the  gauze, 

a  slightly  luminous  portion  floats  about  "39  in. 

above  the  wick. 
A  feebly  luminous  flame  is  visible  in  the  gauze  only. 
Flame  extinguished.     A  gas  flame  directed  on  to  the 

gauze  ignites  the  benzine  vapours  on  the  outside, 

but  not  those  on  the  inside. 


0 

56-7 

134 

1 

59 

138 

2 

62-2 

144 

3 

65-7 

150 

4 

67-6 

154 

5 

70 

158 

6 

71-9 

161 

7 

74-5 

166 

8 

7G-6 

169 

9 

79-9 

176 

10 

81-2 

178 

11 

83 

181 

2. — Benzine  Lamp,  luith  Air  Admission  from  Above. 
Flame  1'18  in.  high. 


Flame  lengthens. 

Flame  lengthens  until  it  reaches  a  height  of  about 
2-17  in. 

Flame  flickers  now  and  then. 

Tip  of  flame  \'isible  in  the  gauze  cage. 

Flame  rises  up  to  the  middle  of  the  gauze. 

Smoky  flame  reaching  to  the  top  of  the  gauze  cage. 

Flame  separates  from  the  wick,  ceases  to  be  luminous, 
and  is  then  extinguished.  The  benzine  vapours 
were  ignited  on  the  application  of  a  lighted  gas 
jet,  and  burnt  on  the  outside  of  the  gauze  only. 

These  results  are  supported  by  further  observations,  which,  in  like 
manner,  bear  witness  to  the  safety  of  the  benzine  lamp.  Even  when 
subjected  to  sudden  and  considerable  changes  of  temperature,  or  placed 
in  an  explosive  atmosphere,  consisting  of  air  and  coal  gas,  or  air  and 
benzine  vapour,  or  when  benzine  was  poured  on  to  the  Hghted  lamp, 
nothing  more  was  observed  than  the  extinction  of  the  flame,  even  under 
the  most  unfavourable  conditions. 
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Professors  Kreischcr  and  "Winkler  have  been  able  to  confirm  the 
observations  made  by  Mine-Inspector  Menzel,  and  add  that  benzine 
may  be  ponred  over  any  properly  constructed  safety  lamp  without 
causing  its  ignition.  Further,  that  in  no  case  have  the  authors  ob- 
served the  heating  of  the  gauze  to  redness,  even  in  experiments  in 
which  the  lamp  used  was  one  in  wliich  air  was  admitted  from  above. 
Such  a  lamp  was  allowed  to  remain  burning  for  hours  in  a  cylinder, 
through  which  a  mixture  of  air  and  coal  gas  was  led.  After  a 
time,  a  cap  made  its  appearance,  almost  entirely  filling  the  gauze,  and 
continued  to  burn  quietly  ;  the  lamp  became  so  hot  that  the  benzine  in 
the  receptacle  l)egan  to  boil,  and  its  vapours  burnt  inside  the  lamp  with 
a  flickering  yellow-  flame.  A  similar  experiment  with  a  benzine  lamp,  in 
which  air  was  admitted  from  below,  resulted  in  the  extinction  of  the 
flame,  and,  consequently,  the  lamp  could  not  become  overheated. 

It  is  difficult  to  say  to  what  temperature  a  benzine  lamp  may  be  raised 
by  the  burning  of  the  lamp  itself.  Mine-Inspector  Menzel  has  observed 
that  a  benzine  lamp,  with  the  receiver  covered  by  cloths,  to  minimise  the 
radiation,  burning  in  a  room  the  temperature  of  which  was  68"  5°  F., 
attained  the  temperature  of  124°  F.  without  the  flame  indicating  any 
change.  So  high  a  temperature  could  not  be  attained  in  the  mines  ;  but 
the  influence  upon  tliis  heating,  arising  from  the  presence  of  fire-damp, 
may  be  entirely  met  by  the  use  of  lamps,  with  air  supplied  from  below, 
since  the  flames  of  these  lamps  are  extinguished  in  anything  hke 
dangerous  mixtures  of  gas. 


DETERMINATION   OF   THE   OIL    CONSUMPTION   OF 
DIFFERENT  LAMPS. 

The  determinations  were  made  by  taking  a  freshly-filled  lamp,  cleaning 
it,  and  then  weighing  it  carefully.  The  lamp  was  next  lighted,  the  flame 
brought  to  a  fixed  height,  and  allowed  to  burn  quietly  in  a  position  pro- 
tected from  draughts.  In  the  case  of  the  benzine,  the  lamps  were  allowed 
to  burn  until  extinguished  spontaneously,  and  then  weighed ;  the  length 
of  time  elapsing  between  the  lighting  of  the  lamp  and  its  extinction  being 
noted.  From  these  data  the  amount  of  oil  used  per  hour  was  calculated. 
In  the  case  of  those  lamps,  in  which  rape  oil,  or  a  mixture  of  rape  oil  and 
paraffin,  was  used,  the  lamps  were  allowed  to  burn  until  a  change  in  the 
character  of  the  flame  could  be  detected ;  it  was  then  extinguished,  the 
lamp  re-weighed,  and  the  time  of  burning  noted.  This  mode  of  procedure 
was  adopted  to  exclude   the  errors  arising  from  the   accumulation  of 
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'carbonaceous  matter  on  the  wick,  by  which  the  flow  of  oil  to  the  wick  is 
retarded,  and  the  lengtli  of  the  flame  aflfected.  In  this  way  strictly  com- 
parable results  were  obtained. 

The  following  materials  were  burnt  in  the  lamps  experimented  with  : — 

(1)  Petroleum  benzine,  specific  gravity  0"687. 

(2)  Refined  rape  oil,  specific  gravity  O'DOi. 

(3)  Mixture  of  four  parts  by  weight  of  rape  oil  (specific  gravity  0"904) 

and  one  part  by  weight  of  refined  petroleum  (specific  gravity 
0-782).  The  mixture  had  a  specific  gravity  of  0"878. 
The  following  table  contains  a  statement  of  the  results  obtained  with 
the  following  lamps : — (1)  Wolf  lamp  No.  1,  air  aduiitted  below;  (2)  Wolf 
lamp  Xo.  2,  air  admitted  above  ;  (3)  Rape  oil  lamp,  air  admitted  below; 
(4)  Rape  oil  lamp,  air  admitted  above  ;  (5)  Rape  oil  and  petroleum,  air 
admitted  below : — 

Table. 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

Grains. 

Grains. 

Grains. 

Grains. 

Grains. 

Amount  of  material  used  to  fill  lamp 

1379 

1034 

1755 

1678 

2731 

In. 

In. 

In. 

In. 

In. 

Height  of  flame 

0-98 

0-98 

0-79 

0-59 

0-98 

Grains. 

Grains. 

Grains. 

Grains. 

Grains. 

Amount  of  material  burnt  per  hour... 

70 

69 

72 

50 

103 

Time  the   above  amounts  of  material 

will  last,  supposing  the  flame  to 

Hours. 

Hours. 

H.    M. 

H.    M. 

H.    M. 

remain  a  normal  one        

19^ 

15 

23    53 

33    29 

26   22 

Taking  the  following  prices  of  the  materials  used : — 

Lbs.  Shillings.  Per  lb. 

112  benzine     17'5       =  1-87  pence. 

112rapeoil     34"         =  3-64      ,, 

112  petroleum  13-5       =  1*44       „ 

112  rape  oil  and  petroleum   ...         ...         ...         30"         =  3"21       ,, 

as  a  basis  of  calculation,  the  following  are  the  costs  per  hour  for  each 

lamp,  burning  under  the  conditions  already  mentioned : — 


No.  1 
No.  2 
No.  3 


Cost  in  Pence. 
. . .      -0186 

. . .     -0184 

...      -0374 


No.  4 
No.  5 


Cost  in  Pence. 
. . .      -0260 

...     -0472 


In  order  to  form  a  correct  idea  of  the  respective  values  of  these 
materials,  a  determination  of  the  illuminating  power  of  the  different 
lamps  was  made.  For  this  purpose  a  specially  constructed  Bunsen 
photometer  was  used,  in  which  the  scale  was  divided,  on  both  sides  of  the 
centre,  into  millimetres,  and  by  its  means  the  illuminating  power  of  the 
lamps  was  determined,  in  terms  of  the  light  given  out  by  standard 
candle.* 
*  A  standard  sperm  candle  is  one  which  in  burning  consumes  120  gi-ains  per  hour. 
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The  following  table  contains  the  mean  of  several  determinations  made 
ftt  different  times  : — 


Description  of  lianip. 

Height  of  Flame. 
Inches. 

Illuminating  Powe 
in  I't'icentages  of 
Standard  Caudle. 

Benzine  lamp  No.  1  ... 

•98 

56^2 

No.l... 

r38 

80-0 

No.  2  ... 

•98 

43-83 

No.  2  ... 

1-38 

62-14 

Oil  lamp  No.  1 

•79 

34-22 

„        No.  2 

•59 

26-28 

Rape  oil  and  petroleum 

1-18 

76-56 

Benzine  lamp,  with  three 

wicks 

1^58 

116-6 

A  comparison  of  the  candle-power  of  the  two  benzine  lamps,  whether 
burning-  with  a  flame  of  '98  or  1"38  ins.  in  length,  shows  Lamp  No.  1  to 
have  an  illuminating  power  28  per  cent,  greater  than  that  of  Lamp  No.  2, 
or  this  latter  has  only  70  per  cent,  the  illuminating  power  of  the  former, 
so  that  seven  lamps,  with  air  admitted  irom  below,  would  produce  as 
much  light  as  ten  in  which  the  air  is  admitted  from  above. 

A  comparison  of  these  two  sets  of  determinations,  the  oil  consumption 
and  the  candle-power  of  the  lamps,  burning  with  the  same  length  of 
flame,  gives  a  true  idea  of  the  relative  cost  of  the  burning.  In  the  case 
of  the  rape  oil  and  petroleum  lamp  the  candle-power  was  determined 
with  a  flame  1"18  ins.  high,  w'hilst  the  oil  consumption  was  determined 
w'ith  one  -98  in.  high. 

A  comparison  of  the  candle-powers  of  the  benzine  lamp,  burning  with 
different  heights  of  flame,  shows  these  to  be  proportional  to  the  height  of 
flame,  and,  therefore,  the  candle-power  of  rape  oil  and  petroleum  lamp, 
burning  with  a  flame  '98  in.  high,  may  be  calculated  from  the  determi- 
nation of  its  candle-power  with  a  flame  ri8  ins.  high,  thus  : — 

1-18  :  98   =  76-56  :  x 

From  which  x  is  found  to  be  =  63"88. 

Making  use  of  this  number,  the  following  comparison  can  be 
instituted  : — 


Lami). 

Height  of  Flame. 

C'o.?t  per 

Hour. 

Illuminating  power 
ni  percentages  of 
Standard  Candle. 

Benzine  lamp, 

No.  1 

...     0-98  in. 

•0188 

pence. 

56-2 

»            II 

„    2 

...     0-98  „ 

-0183 

jj 

43-83 

Rape  oil      „ 

„    1 

...     0-79  „ 

•0380 

)> 

34-22 

*i            9)             » 

„    2 

...     0-59  „ 

•0258 

?5 

26-28 

„       „     and  Petroleum 

...     0.98  „ 

•0471 

*• 

63-8M 
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From  these  numbers  the  cost  per  hour  for  each  of  these  lamps,  burning  so 
as  to  give  a  h'ght  equal  to  that  of  one  standard  candle,  has  been  calculated. 
The  results  of  these  calculations  are  contained  in  the  following  table  : — 


Benzine    L:unp. 

Xo.    1 

= 

0-0344-  ])en<-e, 

j>             » 

,:     --i 

= 

00418       ., 

Rape  Oil      ., 

„     1 

= 

0-1110       „ 

>*       ?)       ?? 

„     2 

= 

0-0982       „ 

„       .,    and  Petroleum 

= 

0-0738       „ 

Taking  the  cost  of  lighting  with  benzine  lamp,  No.   1,  as  unit,  the 
cost  of  the  others,  burning  with  equal  effect,  would  be  as  follows  : — 

Benzine   lamp      No.    2  1-252  times  as  mucli. 

Pvape  oil        ,.         „       1  3-328  „ 

„      2  2-940* 

„         and  Petroleum  2-505  ., 

From  which  it  is  seen  that  the  benzine  lamp,  No.  1,  with  air  admission 
from  below,  is  altogether  the  cheapest  illuminant. 


EXPERIMENTS  WITH  LAMPS  IN  EXPLOSIVE  MIXTURES. 

The  lamps  used  in  these  experiments  were  similar  in  construction  to 
those  used  in  the  experiments  already  described,  viz. — The  two  benzine 
lamps,  Nos.  1  and  2,  two  lamps  in  which  rape  oil  was  burnt,  and  one  in 
which  a  mixture  of  rape  oil  and  petroleum  was  used. 

The  mode  of  experiment  consisted  in  placing  the  lighted  lamp,  with  a 
flame  of  fixed  height,  in  a  glass  cylinder  open  above,  and  provided  at  the 
base  with  a  tubulus,  through  which  is  passed,  by  means  of  a  perforated 
cork,  a  glass  tube  connected  with  a  receiver  containing  explosive  mixtures 
of  varying,  but  known,  compositions.  In  this  way  the  changes  exliibited 
by  the  flame  when  a  stream  of  explosive  gas  is  passed  into  the  cylinder  in 
which  the  lamp  is  placed,  could  be  easily  observed.  The  apparatus 
employed  in  these  experiments  is  represented  in  Plate  T:  a  is  a  cylindrical 
gas-holder  with  conical  ends,  made  of  sheet  zinc  and  provided  at  the 
side  with  a  glass  gauge,  to  which  is  attached  a  scale.  The  total  capacity 
of  this  holder  was  found  to  be  5-31  cubic  feet,  but  when  filled  with 
water  to  the  mark  m  on  the  gauge  the  capacity  is  i'bl  cubic  feet. 
By  a  side  tube  r  this  gas-liolder  is  connected  with  a  water  reservoir  b, 
into  which  water  direct  from  the  mains  could  be  run  by  means  of  the 

*  This  number  is  in  all  probability  too  low,  as  in  the  determination  of  the  oil  con- 
sumption it  was  found  impossible  to  keep  the  tlame  at  a  normal  height.  The  eonstant 
lowering  of  the  tlame,  consequently  reducing  the  oil  consumption,  thus  renders  these 
results  scarcely  comj)arable  ^vith  the  others. 
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pipe  ?•',  and  by  ivniilatiiiii-  tlie  flow  by  ineaiis  of  A'  a  constant  level  in  b 
could  be  maintained.  The  tap  h-  serves  to  reg'ulate  the  flow  of  water 
from  b  into  a,  by  which,  on  opening-  the  tap  /,  the  gas  in  a  is  forced  out, 
passing  along  tubes  connected  with  the  manometer  m^,  serving  to  indicate 
the  pressure  of  the  gas,  and  finally  through  s  into  the  glass  cylinder  c,  in 
which  the  burning  lamp  is  placed ;  s  is  a  small  chamber  filled  with  discs 
of  wire  gauze,  its  function  being  to  prevent  any  flame  passing  back  from 
the  cyUnder  and  consequent  ignition  of  the  explosive  mixture  in  the 
gas-holder,  and  is,  therefore,  but  another  application  of  the  principle  of 
which  the  safety  lamp  is  one  of  the  most  practical  illustrations. 

The  mixtures  of  gas  and  air  were  made  and  filled  into  the  holder  a.  as 
follows: — To  measure  the  gas,  a  glass  gasometer  </  (Fig.  2)  was  used,  gradu- 
ated with  a  scale,  each  graduation  representing  half  a  volume  per  cent,  of 
the  contents  of  the  gas-holder  a,  when  filled  to  the  mark  m — i.e.,  when 
containing  4:'i37  cubic  ft.  of  the  mixture.  The  gasometer  g  is  closed  at  the 
top  by  a  brass  plate,  through  which  passes  a  brass  tube  with  a  tap  o,  also 
a  glass  tube  p,  by  means  of  which  g  can  be  filled  with  water.  Fitting 
into  a  tubulus  at  the  base  of  the  gasometer  is  a  glass  tube,  which  can  be 
moved  at  will  to  allow  the  water  \\\  g  to  flow  out. 

To  fill  g  with  a  given  volume  of  gas,  g  is  brought  into  a  vertical  posi- 
tion, and  the  gasometer  filled  completely  with  water.  Then  o  is  attached 
by  india-rubber  tubing  to  the  reservoir  of  mai'sh  gas  or  coal  gas,  and 
lowering  q,  water  run  off,  and  the  required  quantity  of  gas  drawn  into 
the  gasometer.  The  taps  are  next  closed  and  the  gasometer  and  reservoir 
disconnected.  To  bring  the  gas  in  g  under  the  atmospheric  pressure,  the 
tap  0  is  opened  for  a  moment  and  then  closed  again,  and  its  volume 
measured.  The  transference  of  the  measured  volume  of  gas  to  the  gas- 
holder a  is  effected  in  the  following  manner  -.—a  is  first  entirely  filled 
with  water,  and  then  connected  by  india-rubber  tubing  with  the  gaso- 
meter at  0,  the  taps  at  o  and  I  are  opened,  as  is  also  the  tube  p ;  then,  by 
opening  the  tap  h^,  attached  to  the  gas-holder  a,  the  water  is  run  off  from 
a.  In  this  way  the  gas  in  the  gasometer  is  di'awn  off  into  a,  and  air 
drawn  in  through  the  tube  p,  and  in  this  manner  a  can  be  filled  to  the 
mark  m  with  a  mixture  of  air  and  gas  in  known  proportions. 

The  4"57  cubic  feet  of  a  mixture  of  air  and  gas  so  prepared  is  now 
ready  for  use  in  the  manner  already  described.  When  passed  into  the 
glass  cylinder,  under  the  conditions  mentioned  above,  the  rate  of  transfer- 
ence has  been  found  to  be  0'33  cubic  feet  per  minute. 

The  combustible  gases  used  in  these  experiments  were  marsh  gas  and 
coal  gas.     The  former  was  prepared  in  the  ordinary  way.  viz.,  l)y  heating 
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a  mixture  of  sodium  acetate  and  caustic  soda.  Since  the  gas  so  obtained 
is  not  pure  marsh  gas  or  metliane,  it  was  analysed,  and  with  the  following 
results  : — 


Marsh  gas  (CH^)     

95"36  volumes. 

Acetone  (C.,Hg 

0)   

0-86 

Hydrogen  (H) 

... 

3-28 

Oxygen  (0) 

... 

010 

Nitrogen  (N) 

0-40 

100-00 

For  the  complete  combustion  of  such  a  mixture,  the  following  volumes 
of  air  would  be  required : — 


Marsh  gas  (CH^) 

95-36 

900-19 

vohuues  of  air, 

Acetone  (CjHgO)     .. 

0-86 

16-23 

?j 

Hydrogen  (H) 

3-28 

7-74 

5) 

Oxygen  (0) 

010 

— 

)> 

Nitrogen  (N) 

0-40 
100-00 

— 

» 

924-16 

39 

Therefore,  the  maximum  effect  on  explosion  would  be  reached  when  the 
mixture  of  gas  and  air  contains  9*76  volumes  per  cent,  of  the  gas. 

The  coal  gas  used    in    this    investigation  had  the  following  com- 
position : — 


Hydrogen 
Methane 

Ethylene,  etc.    ... 
Acetylene 
Benzene  vapour 
Carbon  monoxide 
Carbon  dioxide  ... 

Oxygen  

Nitrogen 

Sulphuretted  hydrogen 
Carbon  disulphide 
Ammonia 


In  the  second  part  of  the  above  table  is  given  the  volume  of  air 
necessary  for  the  complete  combustion  of  the  various  combustible  gases 
in  the  coal  gas  used,  from  which  has  been  calculated  the  percentage  of 
gas  contained  in  a  mixture  of  air  and  gas,  which,  w-ould  on  exploding, 
produce  the  maximum  effect.  Calculation  shows  such  a  mixture  to 
contain  li'Sl)  volumes  per  cent,  of  the  gas. 


■Volumes. 

Air  required  for 

Combustion. 

Volumes. 

49-3300 

11913 

38-9300 

376-14 

3-7800 

54-78 

0-0467 

0-56 

0-9000 

32  61 

6-3000 

15-21 

1-8100 

— 

0-2400 

— 

0-9600 

— 

00011 

0-08 

00168 

0-24 

0-0013 

0-05 

102-3159 

598-80 
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A. — Results  of  Experimenis  iritk  Mixtures  of  Air  and  Marsh  Gas. 

Beuziuc  lamp,  with  air  admission  from  below,  with  the  normal  height 

of  flame.     (See  Plate  11.) 

{a)  Normal  Flame,  "JS  iu. 

Percentage 
of  Marsh  Gas  Changes  observed  in  the  Flame. 

in  Mixture. 

1  Flame  rises  some    "08  to  •12  in.     No  further  change  observed. 

2  Flame  rises  some    "21  in.     No  further  change  observed. 
■>\  Flame  rises  some    "39  iu.     No  further  change  observed. 

3  Flame  rises  some    '59  in.     Luminosity  diminished  at  the  base. 

4  Flame  rises  some  1"02  in.,  flickering  at  the  same  time,  and  after- 

wards continues  burning  quietly. 

5  Flame  rises  about  l"o  in.,  oscillates  slightly. 

6  Flame  oscillates ;  aud  rises  with  a  steady  spiral  motion  to  the  top 

of  the  gauze,  is  smoky  above,  red  in  the  middle  ;  luminosity 
at  the  base  very  considerably  reduced. 

7  A  cap  filling  glass  cylinder  and  gauze  formed  immediately,  the 

lamp  fliime  enlarged,  and  undergoing  increased  diminution  in 
luminosity  melts  away  into  the  cap. 

8  Flame  assumes  a  long  thread-like  form,  producing  no  cap,  flicker- 

ing violently,  is  extinguished. 

9  Flame  flickers  up,  is  extinguished  ;  no  cap  observed. 

10  Flame  flickers  for  a  short  time,  is  extinguished  ;  no  cap  observed. 

11  In  six  out  of  eight  experiments,  a  result  similar  to  the  last  was 

obtained.  In  one  experiment  a  cap  was  formed  in  the  gauze 
which  shot  periodically  into  the  glass  cylinder,  producing  at 
the  same  time  a  slight  explosion,  the  glass  cylinder  being 
filled  with  a  blue  flame.  In  a  second  experiment  the  cap 
remained  a  short  time  only. 

12  Cap  ascends  into  the  gauze,  extinguishes  the  flame,  and,  after 

moving  to  and  fro  for  a  time,  is  itself  extinguished. 

13  Flame  lengthens  out,  flickers,  and  dies  out,  at  the  same  time  a  cap 

appears  for  an  instant,  and,  ascending,  disappears. 

14  Flame,  flickering  to  and  fro,  is  extinguished  by  the  sudden  back- 

ward movement  of  the  cap,  which  assumes  the  form  of  a  flat, 
blue,  luminous  disc  moving  to  and  fro.  The  cap  during  this 
movement  to  and  fro  assumes  a  red  colour,  and  in  a  short 
time  disappears. 

15  The  flame  rises  suddenly  and,  after  burning  a  short  time,  is  ex- 

tinguished.    A  cap  is  formed  iu  the  gauze,  at  first  filling  it 
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Percentage 
of  Marsh  Gas  Changes  observed  in  the  Flame, 

in  Mixture. 


completely,  and  then,  drawing  back  into  the  gauze,  assumes 
the  form  of  an  inverted  mushroom.  The  cap  is  blue  on  the 
under  surface,  and  the  stem,  stretching  to  the  top  of  the 
gauze,  is  yellowish  red. 
16  The  same  changes  as  in  the  last  experiment.  The  cap  is  more 
dense,  and  the  stem-like  elongation  thicker.  The  cap  dis- 
appears after  a  short  time. 

Note. — The  changes  observed  in  the  first  instance  in  each  experiment 
are  those  due  to  the  mixtures  containing  small  quantities  of  gas,  which 
are  formed  by  the  air  in  the  cylinder  mixing  with  the  gas  coming  in  below, 
whilst  those  which  make  their  appearance  later  on  must  be  regarded  as 
characteristic  of  the  mixtures  experimented  with. 

h. — Experiments  ivith  Reduced  Flame. 

1  The  reduced  flame,  even  in  pure  air,  is  surrounded  by  a  blue  light, 

which  is  characteristic  of  the  benzine  flame.  This  light  is 
more  marked  in  mixtures  of  gas  and  air,  and  serves  as  an 
indicator  of  the  presence  of  as  little  as  one  per  cent,  of  gas. 
The  detection  of  this  light  is  not  easy,  and  is  rendered  more 
difficult  by  the  reflections  in  the  glass  cylinder. 

2  A  conical  cap,  about  "SO  in.  high,  is  formed. 
2\      The  cap  well  defined,  about  "59  in.  high. 

3  The  cap  well  defined,  about  "79  in.  high. 

4  The  cap  rises  to  the  under  edge  of  the  brass  ring,  a  height  of 

1*77  in ,  assuming  the  character  of  a  bright  flame. 

5  The  cap  rises  in  the  form  of  a  funnel  to  the  upper  edge  of  the 

gauze,  striking  which,  it  widens  out. 

6  The  cap  extends  to  the  upper  edge  of  the  gauze,  expanding  a  little 

above  the  flame,  narrows  again  to  widen  out  again  at  the  top. 
The  flame  rises  to  some  "39  in. 

7  The  cap  rises  at  once  to  the  top  of  the  gauze,  strikes  back  quickly, 

extinguishes  the  flame,  and  disappears  itself,  without  igniting 
the  surrounding  gas. 

8  The  flame  extinguished  by  the  first  movement  caused  by  the 

ignition  of  the  gas.    No  cap  observed,  owing  to  the  rapidity 
of  the  change. 

9  Flame  at  once  extinguished  ;  the  gas  burns  at  the  shield  for  a 

short  time. 
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10  Flame  cxtinti-uished,  a  cap  formed,  ^vlliell  after  a  few  movements 

to  and  fro  disappears. 

11  Flame  extiiig-uished,  with  slight  explosion;  no  cap. 

12  Cap  extingnishcs  flame,  and  after  a  few  movements  backwards 

and  forwards,  is  itself  extinguished. 

13  Changes  similar  to  the  last. 

14  Cap  moves  convulsively  up  and  down,  then  flame  and  it  are  both 

extinguished. 

15  Cap  rises  np,  flame  extinguished  ;  cap  fills  the  whole  of  the  gauze 

cage,  is  gradually  drawn  into  the  upper  part  of  gauze  ;  below 
it  has  a  sharply-defined  blue  edge,  sinks  again  to  the  lower 
edge  of  the  gauze,  is  blue  on  the  edges  and  yellowish  red 
in  the  central  part,  and  remains  for  some  time  in  this  state. 

16  The  mushroom-like  cap  is  formed  just  as  it  is  with  the  normal 

flame  with  a  mixture  of  the  same  composition,  but  disappears 
in  a  short  time. 

B. — Ejcperimoifa  with  Coal  Gas. 

{a)  Normal  Flame,  -98  in.     (See  Plate  II.) 

Percentage 

of  Coal  Gas  Appearance  of  Flame,  kc. 

in  Mixture. 

1  No  apparent  change  in  flame. 

2  Flame  rises  some  "2  in.     No  further  change  observed. 
2 1  Flame  rises  slowly  some  "21  in.     No  further  change. 
C  Flame  rises  slowly  some  "31  in.     No  further  change. 

4  Flame  rises  slowly  some  '39  in.,  continuing   to   burn   without 

flickering. 

5  Flame  rises  some  -75  in.,  i.e.,  to  lower  edge  of  brass  ring. 

G         Flame  rises  some  '98  in.,  i.e.,  becomes  twice  as  long  as  the  normal 
flame,  and  reaches  upper  edge  of  glass  cylinder. 

7  Flame  rises  some  1*22  in.,  i.e.,  to  upper  edge  of  brass  ring. 

8  Flame  rising  to  the  roof  of  the  gauze,  is  drawn  together  in  the 

upper  part,  is  dark  red,  and  bent  to  one  side  in  the  middle 
part, 
y         Flame,  flickering,  rises  to  roof  {)f  the  gauze,  non-luminous  zone 
enlarged.     Flame  extinguished  by  a  backw'ard  movement  of 
the  cap,  which  also  disappears. 
10         Flame  rises  up,  flickers  for  a  few  moments,  and  is  extinguished. 
A  cap  formed  in  gauze,  which  remains  for  a  few  moments  only. 
U  &  12    Similar  to  the  mixture  with  10. 
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13  Flame  extinguished,  at  same  time  a  cap  is  formed,  which  fills 

two-thirds   of    the   gauze    cage,    and  continues   to    burn. 
Gases  ignited  at  the  shield. 

14  Flame   extinguished,  a  flickering  cap  formed,  filling  the  gauze 

cage,  cap  moves  backwards  several  times  until   gases  are 
ignited  at  shield,  and  then  continues  to  burn  quietly. 

15  Flame  extinguished,  cap  visible  in  gauze  for  a  short  time. 

h. — Reduced  Flame. 

1  Cap  not  discernible  with  any  degree  of  certainty. 

2  A  feebly  luminous  cap  of  well-defined  form,  and  '70  in.  high. 
2^  A  feebly  luminous  cap  of  well-defined  form,  and  1'18  in  high. 

3  Cap,  1-58  in.  high. 

4  Cap  more  pronounced,  2'2o  in.  high,  i.e.,  reaches  to  the  upper 

edge  of  brass  ring. 

5  Cap  rises  to  the  roof  of  gauze,  is  slender  in  form,  widening  out 

where  it  touches  the  gauze, 

6  A    cylindrical  cap  reaching  to  the  roof  of  the  gauze,  slightly 

narrowed  in  the  middle,  but  of  a  diameter  pretty  nearly  that 
of  the  flame. 

7  The  cap  is  cylindrical  in  form,  somewhat  wider  than  the  flame, 

and  conical  where  it  touches  the  roof  of  the  gauze. 

8  The  cap  rises  to  the  roof  of  the  cage,  filling  it  entirely,  is  per- 

manent, and  is   connected   with   the  flame   by   a   narrow 
cylindrical  column. 

9  Cap  forms  in  the  gauze,  burns  unsteadily,  and  is,  together  with 

the  flame,  almost  immediately  extinguished. 

10  Cap  rises  to  the  roof  of  the  cage,  which  it  completely  fills,  and 

after  striking  back  once  or  twice  is  extinguished,  together 
with  the  flame. 

11  Similar  to  the  last. 

12  Flame  extinguished  directly  cap  appears,  cap  partially  fills  the 

cage  ;  gases  ignited  at  the  shield. 

13  Flame  extinguished  as  the  cap  is  formed,  cap  fills  two-thirds  of 

cage,  shoots  back  repeatedly  until  gases  at  the  shield  are 
ignited. 

14  Similar  to  the  last. 

15  In  some  cases  flame  and  cap  at  once  extinguished  ;  in  others  cap 

continued  to  burn  in  the  gauze  for  some  time. 
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EXPERIMENTS  WITH  WOLF  LAMP,  AIR  ADMISSION  FROM  ABOVE. 

A. —  With  Mixtures  of  Air  and  Marsh  Gas. 
(a)  Normal  height  of  Fhirne,  "98  in.     (See  Plate  III.) 

Percentage 

of  Marsh  Appearance  of  Flame,  &c. 

Gas. 

1  Flame  rises  about  "04  in.     No  further  change. 

2  Flame  rises  about  '20  in. 

2^  Flame  flickers  for  a  short  time,  then  rising  about  '39  in.  continues 
to  burn  quietly;  non-luminous  zone,  at  base,  enlarged. 

3  Flame  rises  about  "59  in.,  burns  quietly. 

•±  Flame  flickering  and  whirling  round,  rises  '91  in.  then  continues 
to  burn  quietly. 

.5         Flame  flickering,  rises  about  1'2G  in. 

G  Flame  rises  some  1'2G  in.  bends  to  one  side,  and  spins  round  for 
a  little  while,  the  non-luminous  zone  becoming  larger  and 
larger.  A  blue  cap  is  formed  in  the  gauze,  which  it  entirely 
fills.  The  lamp  flame  is  extinguished,  and  the  cap  continues 
to  burn,  in  it  are  to  be  seen  bluish  violet  clouds  of  flame 
moving  to  and  fro,  and  sinking  at  regular  intervals  into  the 
glass  cylinder. 

7  Flame  rises  with  a  flicker,  a  cap  fills  the  whole  lamp  for  a  moment, 

and  then  both  disappear. 

8  Flame  rises  restlessly,  whirling,  goes  out,  a  cap  is  formed  in  the 

gauze,  which  is  contracted  above,  and  continues  to  burn. 

9  Flame  flickering  rises  into  the  gauze  and  goes  out,  whilst  a 

cap  in  form  resembling  a  flask,  fills  the  gauze  and  continues 
to  burn. 

10  The  cap  rises  quickly  into  the  gauze,  filling  it  completely,  the 

lamp  flame  goes  out.      The  cap  continues  to  burn,  and  in 
form  is  slightly  contracted  above. 

11  The  flame  goes  out  as  the  cap  is  formed,  which  continues  to  burn, 

accompanied  by  slight  explosions, 

12  The  flame  goes  out  as  the  cap  is  formed.     The  cap  continues  to 

burn  accompanied  by   a   noise,  less   marked   than   in   the 
former  instance. 

13  Flame  flares  up  and  then  goes  out,  whilst  the  cap,  filling  the  gauze 

completely,  continues  to  burn  with  violent  flickering,  accom- 
panied by  slight  explosions. 

14  Flame  whirls  restlessly  and  goes  out,  whilst  a  cap  is  formed  filling 

the  wire  gauze,  and  continues  to  burn  with  a  rustling  noise. 

VOL.  XXXA.-18fo  I> 
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15  Flame  splits  up  into  tongues  and  goes  out.     A  cap  is  formed, 

which  at  first  fills  the  gauze  cage  completely,  but  afterwards 
contracts  and  contiuues  to  burn  restlessly,  in  form  resembling 
a  sack,  and  in  the  centre  of  a  faint  yellow  colour. 

16  Flame  flickering,  rises  up  and  goes  out,  a  restlessly  whirling  cap 

fills  the  gauze.  The  cap  assumes  a  form  similar  to  that 
observed  in  benzine  lamp,  No.  1,  with  a  mixture  of  the  same 
composition. 

h. — Bediiced  Flame. 

1  Cap  only  just  discernible,  not  so  well  defined  as  with  lamp  No.  1. 

2  Cap  about  "Zb  in.  high,  upper  outline  ill-defined. 
2^  A  well-defined  cap,  about  'bh  in.  high. 

3  A  sharply-defined  cap,  about  "71  in.  high. 

4  Strongly  marked  cap,  about  l*5-4  in.  high. 

5  Cap  reaching  to  the  upper  edge  of  the  gauze.   Not  so  well  defined 

as  with  benzine  lamp  No.  1,  but  broader,  and  of  a  more 
indistinct  outline. 

6  The  cap  fills  the  gauze  cage  completely,  resembles  somewhat 

a  bladder  in  form,  and  is  surrounded  by  a  blue  cloud  of 
flame,  which,  moving  to  and  fro,  sinks  down  and  partially 
fills  the  glass  cylinder.  The  benzine  flame  at  the  same  time 
rises  some  "39  in.  higher,  and  is  finally  extinguished,  whilst 
the  cap  continues  to  burn  in  the  gauze. 

7  The  cap  rises,  and  spreading  out  in  the  gauze  cage,  remains 

standing  a  short  time  over  the  lamp  flame.  The  latter, 
together  with  the  cap,  sinks  down,  and  the  flame  is  extin- 
guished, whilst  the  cap,  of  a  vase-like  form,  continues  to 
burn. 

8  The  flame  is  extinguished,  whilst  the  cap  rises  and  fills  the  gauze 

cage.  The  cap  is  contracted  above,  and  continues  to  burn 
in  the  gauze. 

9  The  flame  is  extinguished,  whilst  the  cap,  contracted  in  the  upper 

part,  contiuues  to  burn. 

10  The  flame  is  extinguished,  the  cap  shooting  \^\)  rapidly  into  the 

gauze.  The  cap  is  but  slightly  contracted  above,  and 
continues  to  burn. 

11  The  flame  is  immediately  extinguished  witli  n  sharp  explosion. 

No  cap  remains. 


THE.  TESTING    OF    SAFETY    EAMl'S. 


Percfiit;ige 

of  Marsh 

Gas. 

12 
13 


14 


Apptarance  of  Flame,  &.C. 


15 


16 


is  formed   in   the    gauze   the 


Similar  phenomena  to  the  last. 

A   lew    moments   after   the    ca[i 

fiame  is  extinguished.     The  cap  continues  to  burn,  accom- 
panied by  slight  explosions. 

The  flame  is  extinguished,  whilst  the  cap  formed  in  the  gauze 
continues  to  burn  with  an  unsteady  movement  to  and  fro, 
accompanied  by  slight  explosions. 

As  the  cap  rises  the  flame  is  extinguished,  ^.rhe  former  fills  the 
whole  gauze  cage  at  first,  then  assumes  a  contracted  form, 
and  continues  to  burn  with  a  flame,  the  central  portions  of 
which  are  slightly  yellow.  The  cap  is  irregular  in  shape,  and 
elongated  below. 

The  cap  rising  fills  the  whole  of  the  cage,  whilst  the  lamp  flame, 
after  burning  some  time,  surrounded  by  a  separate  cap,  is 
extinguished.  The  cap  whirls  round  in  the  gauze,  burns 
with  a  reddish  flame,  and  disappears  without  having  once 
assumed  the  mushroom-like  form  observed  in  other  similar 
mixtures. 


Percentage 

of 
Coal  Gas. 

1 

2 

91 
-2 

3 

4 


8 


B. — Experimcnls  tvith  Coal  Gas. 
{a)  Normal  Flame,  height  =  -'JS  in.     (See  Plate  III.) 

Appearance  of  Flame.  &c. 

Not  the  slightest  change. 

Flame  rising  about  "2  in.,  continues  to  burn  quietly. 

Flame  rising  quietly  about  '24  in.,  without  further  change. 

Flame  rising  quietly  about  -27  in.,  without  further  change. 

Flame  flickering,  at  times,  rises  about  "55  in.,  i.e.,  to  the  lower 
edge  of  tlie  bra^s  ring. 

Flame  flickering,  at  times,  rises  about  "79  in.,  i.e.,  to  the  upper 
edge  of  the  glass  cylinder. 

Flame  rises  about  "79  in.,  turning  slightly,  and  flickers  rapidly. 

Flame  rises  about  "79  in.,  bending  somewhat,  then  whirls  slightly. 

Flame  rises  to  the  roof  of  the  gauze  cage  and  spins  violently.  A 
cap  is  formed,  filling  the  gauze  cage,  and  continues  to  burn 
after  the  flame,  flickering  violently,  has  been  extinguished. 

Flame  is  extinguished  as  a  cap  filling  the  gauze  cage  makes  its  ap- 
pearance, which  continues  to  burn. 
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Coal  Gas. 

10  Flame  flickers,  shoots  up,  becomes  less  luminous,  and  is  extin- 

guished, the  cap  continuing  to  burn  quietly  in  the  gauze. 

11  The  flame  shoots  up,  and  after  gradually  becoming  less  luminous 

is  extinguished ;  whilst  a  cap  appears  filling  three-quarters 
of  the  gauze  cage,  and  continues  burning,  the  cap  is  con- 
tracted above  and  slightly  luminous  in  parts. 

12  Flame  is  extinguished  quickly  ;  a  cap  appears,  in  many  respects 

similar  to  the  last. 

13  A  similar  series  of  changes  to  the  last. 

14  A  cap  is  formed  and  the  flame  extinguished.     The  cap  exhibits 

changes  similar  to  those  with  11  per  cent,  of  gas. 

15  The  flame  goes  out  slowly,  and  a  cap  is  formed  in  a  manner  similar 

to  the  last. 

(b). — Reduced  Flame. 

1  Cap  not  easily  discernible. 

2  A  very  pale  cap,  rising  to  a  height  of  about  '51  in. 

2^  A  slightly  more  luminous  cap,  rising  to  a  height  of  about  "79  in. 

3  Cap  reaches  a  height  of  1"18  in. 

4  Cap  rises  to  a  height  of  1"77  in.,  i.e.,  to  the  upper  edge  of  the  glass. 

5  Cap  rises  in  the  form  of  a  slender  column  to  the  top  of  the  gauze, 

is  slightly  wider  at  the  top,  and  remains  perfectly  still. 

6  A  funnel-shaped  cap  rising  to  the  top  of  the  gauze,  and  contracted 

a  httle  above. 

7  A  cap,  rising  from  the  flame  and  ending  in  a  narrow  thread,  is 

surrounded  by  a  second  strongly  luminous  cap,  which  latter 
fills  the  gauze,  and  is  constiicted  in  the  middle. 

8  Similar  phenomena  to  the  last.     The  cap  of  the  flame  is,  however, 

completely  separated  from  that  in  the  gauze  and  is  extin- 
guished after  a  time,  whilst  the  latter  continues  burning. 

9  The  cap  shoots  up,  whilst  the  flame  is  extinguished,  and  the 

former  remains,  fiUing  the  gauze  cage. 
10  &  11    Similar  changes  to  the  last. 
12  &  13    Similar  to  the  last.     The  upper  part  of  the  cap  only  slightly 

luminous. 

14  The  flame  is  extinguished,  whilst  the  cap  appears,  which  is  slightly 

luminous  above,  and  continues  burning. 

15  Whilst  the  cap  is  slowly  produced  in  the  gauze,  the  reduced  flame 

gradually  disappears,  the  former  continuing  to  burn. 
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HAPE  OIL  LAMPS. 
1. — Lamp  with  air  admission  from  below  (Raabe-Wolf  Form). 

A. — Experiments  ivith  Mivturcs  of  Air  and  Marsh  Gas. 
{a)  Normal  Flame,  -79  in.     (See  Plate  IV.) 

Perceutaee 
of  Marsh  Gas  Cliauges  observed  in  the  Flame. 

ill  Mixtvire. 

1  Rising  of  the  flame  scarcely  perceptible. 

2  Flame  rises  some  "27  in.,  and  then  continues  burning  quietly. 
2\       Flame  rises  some  -81  in.,  becoming  more  sharply  defined  above. 

Continues  to  burn  quietly. 

3  Flame  rises  some  '35  in.,  its  appearance   in  other  respects  re- 

sembling the  last. 
■it         Flame  rises  some  -71  in.,  is  sharply  defined  above,   and  suffers 
considerable  reduction  in  luminosity. 

5  Flame  rises,  flickering  slightly,  some  1'18  in. ;  the  reduction  in 

luminosity  still  more  marked. 

6  Flame  rises  with  an  irregular  and  twisting  motion  into  the  gauze, 

reaching  at  times  to  the  roof.  Aa  the  flame  shortens 
from  time  to  time,  the  non-luminous  zone  at  the  base 
becomes  larger. 

7  The  flame  rises  to  the  roof  of  the  gauze  and  is  extinguished, 

whilst  a  cap  fills  the  gauze.  The  latter  striking  back  re-lights 
the  lamp  flame,  which,  together  with  the  cap,  is  extinguished 
at  the  next  back  stroke. 

8  Flame  rises,  then  flickering,  is  extinguished  ;  as  is  also  the  in- 

completely developed  cap. 

9  Cap  rising  for  a  moment  into  the  gauze,  fills  it  completely,  strikes 

back,  and  is  extinguished,  together  with  the  lamp  flame. 

10  Flame  flickers,  cap  is  formed,  which,  strildug  back,  extinguishes 

the  flame,  and  disappears. 

11  Cap  rises  into  gauze,  and  striking  back  a  second  time,  extinguishes 

lamp  flame  and  itself. 
12  &  13    Similar  results  to  the  last. 

14  The  lamp  flame  flickers,  and  is  extinguished  shortly  after  the 

formation  of  a  cap,  which,  after  striking  back  once  or  twice, 
disappears. 

15  As  the  flame  disappears  the  cap  is  formed,  which  fills  the  gauze 

completely,  and  continues  burning. 

16  The  cap  rises,  whilst  the  lamp  flame  is  extinguished,  and,  after 

fluttering  above  in  the  gauze,  disappears. 
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{b)  Reduced  Flame. 

Percentage 
of  Marsh  Gas  Changes  observed  in  the  Flame, 

in  Mixture. 

1  Cap  cannot  be  detected  with  certainty.      A  slight  blue  zone  can 

be  seen  at  the  side  of  the  flame  even  in  pui'e  air,  and,  there- 
fore, is  characteristic  of  the  rape  oil  flame. 

2  A  cap,  very  pale,  about  "61  high,  surrounds  the  flame.     Cap  is 

not  closed  above. 
2^      Cap  is  conical,  scarcely  visible  in  upper  parts,  and  is  about  '63 
in.  high. 

3  Cap  is  but  feebly  luminous,  but  of  well-defined  form,  and  attains 

a  height  of  "79  in. 

4  A  well-defined  cap,  about  I'll  in.  high. 

5  Cap  long,  narrow,  and  thread-like  in  form,  attaining  a  height  of 

4-92  ins. 

6  Cap  rises  with  feeble  flickering  to  the  roof  of  the  gauze  cage,  then 

continues  to  burn  quietly. 

7  Cap  rises  up  suddenly,  filling  completely  the  gauze  cage  ;  strikes 

back  into  the  glass  cylinder,  extinguishing  the  lamp  flame, 
then  disappears. 

8  Cap  rising  into  the  gauze  fills  it  completely,  then,  striking  back, 

extinguishes  the  lamp  flame,  and  disappears. 
9  &  10   Changes  similai-  to  8. 

11  The  flame  disappears,  as  a  cap,  filhng  the  whole  of  the  gauze, 

makes  its  appearance,  which  continues  to  burn  with  a 
rustling  noifee,  and  strikes  back  at  regular  intervals  into  the 
glass  cylinder. 

12  Similar  to  the  last ;  the  noise  not  so  perceptible. 

13  The  cap  shoots  up  into  the  gauze,  completely  filling  it,  whilst  the 

lamp  flame  is  extinguished.  The  cap  after  striking  back  a 
few  times  is  extinguished. 

14  Similar  changes  to  the  last. 

15  Cap  shoots  up  into  the  gauze,  completely  filling  it ;  the  lamp 

flame  is  extinguished,  but  the  cap  burns  on  quietly. 

16  Cap  is  observed  filling  the  gauze  completely,  then,  striking  back, 

disappears  with  the  lamp  flame. 
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B. — Experiments  with  Mixtures  of  Air  and  Coal  Gas. 
(a)  Height  of  Normal  Flame,  -79  in.     (Sec  Plate  IV.) 

Percentage 

of  Coal  Gas  Changes  observed  in  the  Flame. 

in  Mixture. 

1  No  change  apparent. 

2  Flame  rises  some  -IG  in. 
2^  Flame  rises  some  '27  in. 

3  Flame  rises  some  '31  in. 

4  Flame  rises  some  '39  in. 

5  Flame  rises  some  'SI  in.     Non-luminous  zone  enlarged. 

6  Flame  rises  some  "59  in.     Non-luminous  zone  enlarged. 

7  Flame  rises  some  "79  in.,  is  red,  and  but  slightly  luminous  above ; 

the  luminosity  at  the  base  greatly  diminished. 

8  Flame,  moving  from  side  to  side,  rises  to  the  roof  of  the  lamp  ; 

it  burns  with  a  reddish  smoky  flame,  and  the  luminosity  at 
the  base  is  greatly  diminished. 

9  Flame  flickers  repeatedly,  whilst  a  cap  is  formed  in  the  gauze  ; 

the  flame,  rising,  is  completely  separated  from  the  wick,  and 
floats  as  a  blue  crescent  in  the  glass  cylinder ;  the  wick  is  re- 
ignited  by  the  flame. 

10  The  flame  goes  out ;  a  cap  is  formed,  filling  the  whole  of  the 

gauze  cage.  The  cap  strikes  back,  at  regular  intervals,  to 
the  wick,  without  re-lighting  it.  The  cap  is  slightly  lumi- 
nous in  its  upper  portions. 

11  Flame  disappears  with  appearance  of  the  cap,  which  extends  to 

the  roof,  and  in  its  upper  portions  is  contracted  in  form. 
The  cap  striking  back  at  regular  intervals  fills  the  glass 
cylinder  with  a  bright  blue  light. 

12  The  flame  is  extinguished  as  the  cap  rises ;  the  latter  completely 

filling  the  gauze  cage  is  only  slightly  luminous  above,  and 
contracted  in  form.  The  cap  strikes  back  continually  until 
the  gases  at  the  shield  are  ignited,  which,  when  once  ignited, 
continue  to  burn  quietly. 
13, 14,  &  15  The  same  series  of  changes  as  with  mixtures  containing  12 
per  cent. 

(b) — Reduced  Flame. 

1  No  change  perceptible. 

2  A  cap  about  '24  in.  high  can  be  seen,  it  is  feebly  luminous  in  its 

upper  part,  and  ill-defined  in  form. 
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Percentage 

of  Coal  Gas     .  Changes  obseryed  in  Flame. 

in  Mixture. 

2^  A  cap  about  *63  in.  high,  conical  in  shape,  and  shghtly  luminous. 

3  Cap  about  "83  in.  high ;  very  well  defined. 

4  Cap  assumes  the  form  of  a  broad  flame  of  about  1"5  in.  in  height. 

5  Cap  rises  as  a  narrow  cylinder,  reaching  the  top  of  the  gauze  cage, 

and  burns  on  quietly. 

6  The  phenomena  are  similar  to  those  observed  with  5  per  cent., 

save  that  the  cylinder  is  about  twice  the  width. 

7  Similar  to  the  last ;  the  cylinder  is,  however,  three  times  as  wide. 

8  A  cap  is  formed  which  rises  rapidly  into  the  gauze  cage,  where  it 

remains,  wliilst  the  reduced  flame  is  surrounded  by  a  conical 
cap  distinct  from  this. 

9  The  cap  extinguishes  the  reduced  flame,  and  continues  burning 

in  the  gauze.    ^ 

10  Similar  to  the  last.     In  this  case  the  cap  strikes  back  at  regular 

intervals  without  re-igniting  the  lamp  flame.     The  lumi- 
nosity of  the  cap  somewhat  less  than  with  9  per  cent. 

11  Similar  to  the  last.     The  cap  in  striking  back  fills  the  glass 

cylinder  with  a  blue  luminous  flame. 

12  Flame  disappears  as  the  cap  rises  ;  tliis  is  narrow  above,  and 

only  slightly  luminous  in  its  upper  portions.     In  striking 
back  the  cap  ignites  the  gases  at  the  shield,  which  continue 
to  burn  quietly. 
13,  14,  &  15  Similar  to  the  last. 

2. — Rape  Oil  Lamp,  with  air  admission  from  above  (Clanny  form 

of  Ijamp). 

A. — Experiments  with  Mixtures  of  Marsh  Gas  and  Air. 
(a)  Height  of  Flame,  -.59  in.     (See  Plate  V.) 

Percentage 

of  Marsh  Gas  Changes  observed  in  Flame, 

in  Mixture 

1  No  perceptil)le  change. 

2  Flame  assuming  a  slightly  conical  form,  rises  about  '16  in. 
2 1  Flame  assuming  a  slightly  conical  form,  rises  about  "24  in. 

3  Flame  becomes  more  pointed,  and  rises  about  "27  in. 

4  Outline  of  flame  still  more  sharply  defined,  it  rises  some  '59  in., 

and  becomes  less  luminous. 

5  Flame  flickers  and  rises,  forming  a  tail  some  '83  in.  higher  than 

the  original  flame.     The  luminosity  of  the  flame  is  reduced. 
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Percentage 
of  Marsh  (Jus  Changes  observed  in  Flame, 

in  Mi.\ture. 

G         Flame  flickers  violently.     A  tail  extending  to  about  two-thirds  of 
the  height  of  the  gauze  is  formed ;  a  cap  is  formed  simultane- 
ously, which  latter  moves  backwards  and  forwards  into  the 
glass  cylinder,  thus  causing  a  reduction  in  the  luminosity  of 
the  lamp  flame,  and   finally  extinguishing  it.      The  cap 
remaining  for  a  short  time  in  the  cage,  finally  disappears. 
7         Flame   flickers  restlessly,  and  then  is  extinguished.     A  cap  is 
formed,  which,  after  spinning  slowly  round  for  a  short  time, 
disai)peaT's. 
8  &  9      Flame  flickering  violently  is  extinguished.     A  cap  is  formed, 
which  continues  burning  in  the  lower  part  of  the  gauze. 

10  Flame  is  extinguished.     A  cap  formed,  which,  rising  rapidly 

into  the  gauze  cage,  continues  burning  there  with  a  slight 
noise. 

11  Lamp  flame  is  extinguished  as   the  cap   appears.     The  latter 

burns  in  the  lower  part  of  the  gauze,  with  repeated  slight 
explosions. 

/  12  A  reddish  tail  is  formed  reaching  to  the  roof  of  the  lamp.  The 
flame  is  extinguished  as  the  cap  appears,  which,  after 
moving  to  and  fro  in  the  lower  part  of  the  gauze,  dis- 
appears. 

13  &  14  As  the  flame  flickers  to  and  fro  a  cap  forms  in  the  gauze  cage. 
The  flame,  after  becoming  feebly  luminous,  is  extinguished. 
The  cap  occupies  only  the  half  of  the  cage,  and  after 
striking  back  once  or  twice  disappears. 

15  The  flame'is  extinguished.   The  cap  spinning  rapidly,  remains  but 

a  short  time. 

16  Flame  is  extinguished.    A  cap  is  formed  which,  rising  into  the 

upper  part  of  the  lamp,  remains  there  for  a  short  time, 
and  then  disappears. 

(b)  With  Redwed  Flame. 

1  No  percepti])le  change. 

2  An  ill-defined,  feebly  luminous  cap,  about  "2  in.  high. 
2^  A  cap  similar  to  the  last,  about  '39  in.  high. 

3  Cap  of  well  defined  form,  about  "59  in.  high. 

4  Cap  attains  a  height  of  I'l  in. 

5  Cap  rises  to  about  the  middle  of  the  gauze,  and   is  long  and 

thread-like  in  form. 

VOL.  XXXV.-18W5.  ^ 
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Percentage 
of  Marsh  Uas  Changes  observed  in  Flame, 

in  Mixture. 


6  Cap  fills  the  gauze  cage  for  a  short  time,  and  is  then  extinguished 

together  with  the  lamp  flame. 

7  Cap  does  not  quite  fill  the  gauze,  in  which  it  remains  for  a  short 

time,  and  is  then  extinguished  together  with  the  lamp  fiame. 
8  &  9      Lamp  flame  is  extinguished  as  the  cap  rises  into  the  gauze, 
which  continues  to  burn  in  the  lower  part  of  the  cage. 

10  Flame  is  immediately  extinguished  as  the  cap  rises  quickly  into 

the  gauze,  in  which  it  continues  to  burn,  making  a  slight 
explosion. 

1 1  Similar  to  the  last,  the  detonating  noise  somewhat  louder. 

12  As  the  cap  rises  into  the  gauze  the  flame  is  extinguished.     The 

former  continuing  to  burn  for  some  time  in  the  lower  part 
of  the  gauze,  moving  to  and  fro,  sinking  at  times  into  the 
glass  cylinder,  and  is  finally  extinguished. 

13  The  cap  rises  from  the  lamp  flame  into  the  gauze,  the  latter  is 

extinguished,  the  former  fills  the  lower  portion  of  the  gauze 
only,  and  disappears  in  a  short  time. 

14  The  cap  rises  slowly  into  the  cage,  whilst  the  lamp  flame  con- 

tinuing to  burn  for  a  short  time,  and  surrounded  by  a  separate 
cap,  is  finally  extinguished.  The  cap  in  the  gauze,  after 
burning  for  a  short  time,  disappears. 

15  As  the  lamp  flame  is  extinguished  a  cap  appears.     The  cap 

remains  but  a  short  time,  moving  rapidly  with  a  spiral  motion. 

16  Cap  is  seen  in  the  gauze  ;  which  striking  back  is  extinguished 
too-ether  with  the  flame. 


'o^ 


B. — Experiments  ivith  Mixtures  of  Coal  Gas  and  Air. 
{a)  Height  of  Flame,  0'62  in.     (See  Plate  V.) 

Percentage 

of  Coal  Gas  Changes  observed  in  Flame. 

in  Mixture. 

1  No  change  perceptible  in  flame. 

2  Flame  rises  some  *08  to  '12  in. 
2^  Flame  rises  some  •12  in. 

3  Flame  rises  some  'IG  in. 

4  Flame  rises  some  "2  in. 

5  Flame  rises  some  •24  in. 

6  Flame  rises  some '43  in.    Theluminosity  of  flame  sHghtly  reduced. 

7  Flame  rises  about  ^43  in.,  and  exhibits  a  slightly  circular  move- 

ment. 
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Percfutttge 

of  Coal  Gas  Chauges  obcerved  in  Flaiuo. 

Ill  Mixture. 


8&  9     Flame  rises  up,  its  luminosity  is  reduced,  and  it  is  finally  extin- 
guished.    A  permanent  cap  is  formed,  which  completely  fills 
the  gauze. 
10, 1 1, 12,  &  13  A  similar  series  of  changes ;  the  cap  is,  however,  somewhat 
slightly  contracted  in  its  upper  part. 

14  The  flame  is  extinguished,  the  cap  rises  noiselessly  into  the  gauze. 

The  cap  docs  not  completely  fill  the  gauze,  is  contracted 
above,  the  upper  part  burning  with  a  slightly  yellow  light, 
the  lower  emits  a  pale  blue  light. 

15  The  flame  is  extinguished,  whilst  the  cap  which  fills  the  gauze 

continues  to  burn. 

(b)  With  Reduced  Flame. 

1  No  sign  of  a  cap. 

2  Cap  is  scarcely  discernible. 

2|      A  feebly  luminous,  sharply  defined  cap,  about  •63  in.  high. 

3  A  well-defined  cap,  about  "94  in.  high. 

4  A  well-defined,  cap,  about  1"26  in.  high. 

0        A  narrow  thread-like  cap,  about  4  in.  high,  reaching  to   the 
middle  of  the  gauze. 

6  A  cylindrical  cap,  reaching  to  the  roof  of  the  gauze  cage. 

7  A  somewhat  funnel-shaped  cap,  bent  to  one  side  about  the  middle 

and  widening  out  where  it  touches  the  roof  of  the  lamp. 
8  &  9     Cap  flashes  up,  fills  the  gauze  cage,  remains  there  for  a  short  time 
and  is  then  extinguished  together  with  the  flame. 
10, 11, 12  &  13    A  similar  series  of  changes;  the   cap  is,  however,   less 
luminous,  and  is  contracted  in  its  upper  part. 
14  &  15  The  appearances  presented  are  similar  to  those  observed  with  the 
normal  flame. 


III.— RAPE  OIL  AXD  PETROLEUM  LAMP  (AIR  ADMISSION  FROM  BELOW). 

A. — E.rperiments  wilh  Mixtures  of  Air  and  Marsh  Gas. 
(a)  Normal  Flame,  height  '98  in.     (8ee  Plate  VI.) 


Percentage 

of  Marsh  Gas  Changes  observed  in  Flame. 

in  Mixture. 


1  A  tail  about  '10  in.  high  forms  above  the  flame. 

2  A  tail  is  formed,  reaching  to  the  upper  edge  of  the  high  glass 

cylinder. 
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Percentage 
of  Marsh  Gas  Changes  observed  in  Flame, 

in  Mixture. 

2^  Flame  rises,  moving  from  side  to  side,  to  tbe  upper  edge  of  the 
glass  cylinder,  forming  a  narrow  reddish  tail,  which  reaches 
to  the  middle  of  the  gauze. 

3  A  tail  formed,  which  at  times  reaches  to  the  roof  of  the  gauze  ; 

the  tail  is  dull  red  in  colour,  and  the  luminosity  of  the  base 
of  the  flame  is  greatly  reduced. 

4  The  flame  rises  quickly  to  the  upper  edge  of  the  gauze,  and 

flickers  restlessly.  After  a  time  the  flickering  becomes 
intense,  and  the  flame  striking  back  suddenly  loses  its 
luminosity  almost  entirely.  The  flickering  is  at  times  so 
violent  that  the  flame  is  almost  extinguished. 

5  The  flame  flares  up,  reaching  the  upper  edge  of  the  gauze ;  its 

upper  portions  are  so  divided  up  as  to  resemble  a  broom  in 
appearance.  The  frequent  and  repeated  flickering  almost 
efffect  the  extinction  of  the  flame. 

6  The  flame  shoots  up,  and  the  flickering  becoming  more  and  more 

intense,  it  is  finally  extinguished.     No  cap  formed. 

7  Flame,  after  flickering  violently,  is  extinguished.  No  cap  observed. 

8  A  tolerably  large  cap  appears,  "which,  at  the  first  back  stroke, 

disappears  together  with  the  flame. 

9  Similar  to  7. 

10  The  flame  flickers  a  few  times,  producing  a  slight  detonating 

sound,  then  disappears.     No  cap  observed. 

11  After  flickering  violently  for  a  short  time  the  flame  is  extin- 

guished, without  producing  a  cap. 

12  Flame  shoots  up,  flickers  several  times,  then  disappears,  produc- 

ing a  slight  explosion.     No  cap. 

13  After  flaring  up  repeatedly  and  flickering,  the  flame  is  extinguished. 

The  gas  is  ignited  at  the  shield,  and  continues  to  bm'n. 

14  Flame  shooting  up  repeatedly  forms  a  cap,  the  gas  is  ignited  at 

the  shield,  and  continues  to  burn  whilst  the  cap  and  flame 
are  extinguished. 

15  The  gas  is  immediately  ignited  at  the  sliield,  and  the  lamp  flame 

is,  after  a  short  time,  extinguished. 

16  Flame  flickers  a  few  times  and  is  then  extinguished.     Gap  is  not 

formed,  nor  is  the  gas  ignited  at  the  shield. 

(b)  With  Reduced  Flame. 

1  A  cap,  about  '16  in.  high,  surrounds  the  flame. 

2  A  pale,  conical  cap,  about  '39  in.  high,  is  formed. 
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Percentage 
of  Marsh  Gas  Changes  observed  iu  Flame, 

iu  Mixture. 

2^       The  cap  reaches  a  height  of  some  "59  in. 

3  The  cap  reaches  a  lieight  of  some  "79  in. 

4  Cap  assumes  the  form  of  an  intensely  blue  flame,  about  2*01  ins. 

high. 

5  A.  broad,  bright  cap  is  formed,  reaching  to  the  top  of  the  glass 

cylinder,  i.e.,  about  2*94  ins. 

6  The  cap  does  not  reach  higher  than  tlie  glass  cylinder.      After 

shooting  up  once  or  twice  into  the  gauze,  disappears. 

7  The  cap  rises  into  the  gauze,  ignites  the  gas  at  the  shield,  which 

continues  to  burn,  whilst  the  cap,  after  flickering  violently, 

is  extinguished. 
8  &  9     A  cap  is  formed,  which  disappears,  together  with  the  lamp  flame, 

at  the  first  flicker. 
10  &  11    Appearances  similar  to  those  observed  with  the  normal  flame  in 

mixtures  of  like  composition. 
12  &  13   The  gas  entering  the  lamp  is  ignited  ;  the  flame,  after  flickering 

for  a  short  time,  is  extinguished,  and  the  gas  also. 

14  The  flame  shooting  up  produces  a  cap,  ignites  the  gas  at  the 

shield,  and  is  then  extinguished  together  with  the  cap. 

15  The  gas  is  ignited  at  the  shield,  and  after  a  time  is  extinguished, 

as  is  the  lamp  flame  also. 

16  The  flame  flickers  up  and  is  extinguished,  producing  a  slight 

explosion.     No  cap  formed, 

B. — Experiments  wUh  Mixtures  of  Coal  Gas  and  Air. 
(a)  With  Normal  Flame,  height  -98  in.   (8ee  Plate  VI.) 

Percentage 

of  Coal  Gas  Changes  observed  in  Flame. 

in  Mixture. 

1  No  change  in  flame. 

2  Flame  rises  about  '12  in. 

2^       Flame  rising  about  '31  in.,  is  decidedly  pointed  above. 

3  A  tail  about  "91  iu.  high  is  produced,  the  end  of  which  is  sharply 

pointed,  and  red. 

4  A  tail  is  produced  reaching  to  the  height  of  the  glass  cylinder, 

moving  slowly  from  side  to  side  continues  burning. 

5  A  tail  is  formed  about  4  in.  high,  i.e.,  reaching  to  the  roof  of 

the  gauze  ;  it  burns  with  a  restless  flickering.     Its  upper 
portions  are  of  a  dusky  red. 

6  The  flame  flares  up  to  the  roof  of  the  gauze,  the  upper  part 

assuming  a  brush-hke  form.    It  burns  with  a  dull  red  colour 
and  flickers  vidlcutlv. 
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Percentage 

of  Coal   Gas  Changes  observed  in  Flame, 

in  Mi.xture. 

7  The  flame  flickers  continuously  and  violently,  at  times  flashes  of 

the  flame  reach  the  roof  of  the  lamp. 

8  The  flame  flickers  violently,  a  few  dark  red  threads  shooting  at 

times  to  the  roof  of  the  lamp.  At  the  same  time  a  cap 
plays  restlessly,  moving  to  and  fro  in  the  gauze. 

9  The  flame  shoots  up,  flickers  violently,  and  disappears,  whilst  the 

gas  at  the  shield  is  ignited.  From  the  shield  a  pale  cap 
starts,  floating  to  and  fro  for  a  short  time,  and  is  finally 
extinguished,  together  with  the  gas  at  the  shield. 
10  The  flame  flares  up  now  and  then  and  is  at  last  extinguished, 
whilst  a  cap  makes  its  appearance  and  remains  for  a  short 
time  only. 
11, 12,  &  13  The  flame  is  extinguished.  A  cap  is  visible,  but  remains  only 
for  a  short  time. 

14  The  cap,  rising  in  cylindrical  form,  reaches  the  roof  of  the  lamp, 

the  flame  is  extinguished.  The  cap  spreads  out  and  fills  the 
gauze  entirely,  and  strikes  back  at  regular  intervals,  until  the 
gas  at  the  shield  is  ignited. 

15  A  cap  is  formed,  which  disappears,  as  also  does  the  lamp  flame, 

with  the  first  back  stroke  of  the  flame. 

(b) — With  Reduced  Flame. 

1  No  cap. 

2  A  pale,  feebly  luminous  cap,  about  '75  in.  high, 
2^  A  pale,  feebly  luminous  cap,  about  "98  in.  high. 

3  A  sharply-defined  Imninous  cap,  reaching  a  height  of  1*49  in. 

4  A  sharply-defined  luminous  cap,  reaching  a  height  of  1*97  in. 

5  A  sharply-defined  luminous  cap,  reaching  a  height  of  2"24  in. 

6  A  long,  narrow,  conical  cap,  reaching  a  height  of  3'23  in.,  i.e.,  to 

the  upper  edge  of  the  glass  cylinder. 

7  The  cap  rises  into  the  gauze  cage,  moving  to  and  fro,  and  at 

times  touching  the  roof  of  cage  with  its  tip. 

8  A  very  restless  cap  is  formed,  wliich,  after  moving  to  and  fro  for  a 

short  time,  disappears,  and  the  lamp  flame  is  also  extinguished. 

9  The  cap  rises  to  the  roof  of  the  lamp,  is  seen  also  at  the  shield, 

and  flickering  for  a  short  time  to  and  fro,  disappears  shortly 
after  the  extinction  of  the  lamp  flame. 
10         The  cap,  after  burning  for  a  short  time,  is  extinguished,  together 
with  the  lamp  flame. 
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rercentage 

of  Coal   Uas  Changes  observed  in  Fliime 

in  Miituro. 

11, 12  &  13  Cap  is  seen  for  a  morncut,  aud  disappears  as  the  lamp  flame  is 

extinguished. 
14:&  15  The  appearances  produced  in  these  mixtm-es  are  simihir  to  those 
observed  with  the  normal  flame  in  mixtures  of  the  same 
composition. 


In  the  plates  attached  to  this  paper  are  a  series  of  drawings,  taken 
from  the  original  report  of  Professors  Kreischer  and  Winkler,  in  whicli 
it  has  been  attempted  to  represent,  as  far  as  possible,  the  changes  observed 
in  the  flames  in  the  above  experiments.  These  drawings  are  taken  from 
sketches  made  at  the  time.  The  plates  are  arranged  in  two  horizontal 
lines:  the  upper  representing  the  results  obtained  with  marsh  gas  mixtures, 
the  lower  those  obtained  with  mixtures  of  air  and  coal  gas.  Further,  the 
tables  are  so  arranged  that  the  left  half  represents  the  phenomena  observed 
with  the  lamp  burning  with  normal  flame,  and  the  right  those  obtained 
with  the  reduced  flame.  In  each  vertical  column  have  been  placed  the 
results  observed  with  mixtures  of  like  composition.  Of  the  changes 
observed,  those  obtained  with  mixtures  containing  small  percentages  of 
marsh  gas  and  coal  gas,  the  most  important  for  practical  purposes,  are 
such  as  most  easily  lend  themselves  to  graphic  representation,  and  from 
these  it  wiU  be  seen  that  the  safety  lamp  is  a  most  useful  indicator  of  the 
presence  of  gas. 

An  examination  of  Plate  II,  in  which  the  changes  observed  with 
benzine  lamp  No.  1  are  represented,  shows  that,  even  with  mixtures  con- 
taining as  little  as  1  per  cent,  of  gas,  a  change  is  evident  in  the  normal 
flame — a  change  becoming  more  marked  with  2  and  2^  per  cent,  of  gas. 
"Whilst  these  changes  are  so  slight  as  to  be  of  little  practical  value  unless 
special  attention  be  paid  to  them  and  their  study,  still  with  3  and  4  per 
cent,  the  change  is  so  marked  as  to  be  easily  observed;  so  that  this  lamp 
indicates  the  presence  of  gas  in  mixtures  by  no  means  easily  inflammable. 
The  lengthening  of  the  flame  is  still  more  marked  with  5  and  6  per  cent. 
of  g-as  in  the  mixture,  and  when  the  amount  reaches  7  per  cent,  the 
flame  is  extinguished.  With  mixtures  containing  more  than  7  per  cent, 
the  only  changes  are  those  accompanying  the  extinguishing  of  the  flame 
and  the  caps. 

The  changes  observed  with  a  reduced  flame  are  more  characteristic, 
and,  with  practice,  would  enable  one  to  estimate  with  a  considerable  degree 
of  accuracy  the  amount  of  gas  in  the  air  of  a  mine.     With  1  per  cent. 
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of  marsh  gas  the  cap  can  be  easily  detected,  and  when  the  amount  of  gas 
reaches  2  per  cent,  the  cap  has  attained  a  height  of '39  in.  The  presence 
of  between  6  and  7  percent,  of  marsh  gas — v.e.,  mixtures  which  are  easily 
inflammable  and  explosive — suffices  to  extinguish  flame  and  cap.  The 
same  apphes  to  all  higher  percentages,  until  the  amount  of  gas  reaches  15 
per  cent.,  and  then  the  cap  is  more  permanent. 

With  regard  to  the  experiments  made  with  mixtures  containing  coal 
gas,  it  must  be  remembered  that,  with  the  gas  used,  a  mixture  containing 
14"59  volmnes  per  cent,  of  the  gas  is  required  to  produce  the  maximum 
effect  on  explosion,  whereas  with  marsh  gas  this  is  attained  with  a  mixture 
containing  10  per  cent,  only  of  this  gas.  In  consequence  of  this  the 
changes  produced  in  the  flame  by  small  amounts  of  coal  gas  are  not 
nearly  so  marked  as  with  similar  amounts  of  marsh  gas,  a  fact  which 
should  be  borne  in  mind  in  testing  lamps  with  mixtures  of  air  and 
coal  gas. 

Benzine  lamp  No.  2,  with  air  admission  above,  was  found,  in  cases  in 
which  the  amounts  of  marsh  gas  were  small,  to  be  by  no  means  so  delicate 
an  indicator  as  the  lamp  No,  1  ;  but  with  larger  amounts  of  marsh 
gas,  at  least  up  to  10  per  cent.,  the  appearances  presented  by  the  flame 
and  caps  are  so  characteristic  as  to  make  this  lamp  serviceable  where  the 
lamp  No.  1  would  fail  to  be  of  any  use. 

The  rape  oil  lamp,  with  the  air  admitted  from  below,  and  burning  with 
a  flame  '79  in.,  gives  no  certain  indication  of  the  presence  of  gas  until  the 
amount  reaches  4  per  cent.,  and  then  only  with  a  carefully  regulated 
flame.    The  appearances  presented  by  the  flame  with  a  mixture  containing 

6  per  cent,  are  similar  to  those  observed  with  benzine  lamp  No.  1; 
with  larger  percentages  of  gas  the  flame  is  extinguished.  The  reduced 
flame  of  this  lamp  gives  no  indication  with  less  than  2  per  cent.,  and  from 
3  to  6  per  cent,  the  changes  are  similar  to  those  observed  with  benzine 
lamp  No,   1,     Cap  and  flame  are  extinguished  by  mixtures  containing 

7  per  cent,  and  upwards.  As  an  indicator  of  the  presence  of  gas  this  lamp 
is  much  less  satisfactory  than  the  benzine  lamp,  suffering  as  it  does,  like 
all  other  lamps  in  which  rape  oil  is  used,  Irom  the  difficulty  attending  the 
successful  reduction  of  the  flame.     (Compare  Plate  III.) 

Experiments  made  with  a  rape  oil  lamp,  with  air  admitted  from  above, 
show  this  to  be  still  more  unsatisfactory.  It  was  found  impossible  with 
this  lamp  to  maintain  the  flame  for  any  length  of  time  at  a  greater  height 
than  '59  in.  Such  a  flame  is  extinguished  by  mixtures  containing  from 
5  to  6  per  cent,  of  marsh  gas,  or  7  to  8  per  cent,  of  coal  gas,  just  as 
with  l)enzine  lamp  Xo.  2.     (See  Plate  IV.) 
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The  lamp  in  which  a  mixture  of  rape  oil  and  petroleum  is  used,  when 
burning  with  a  normal  flame,  is  very  sensitive  to  small  quantities  of  gas. 
The  presence  of  amounts  smaller  than  1  per  cent,  cannot  be  detected  by 
its  aid,  but  1  per  cent,  can,  with  absolute  certainty,  and  with  2  per  cent, 
the  flame  rises  to  three  times  its  original  length,  whilst  larger  amounts  of 
gas  cause  it  to  flicker  restlessly,  flare  up,  and  smoke,  and  then  die  out. 
The  caps  formed  with  this  lamp  are  not  very  characteristic,  even  with 
mixtures  containing  less  than  o  per  cent.  "With  this  lamp  also  consider- 
able difficulty  is  found  in  reducing  the  flame,  which,  clinging  to  the  wick, 
carbonises  it  and  soon  gives  rise  to  irregularities.     (See  Plate  VI.) 

The  whole  of  the  results  of  these  experiments  are  shown  in  a  very 
striking  manner  in  the  following  tables,  in  which  the  asterisks  indicate 
that  the  flame  continues  burning,  the  strokes  that  the  cap  continues  burn- 
ing, and  the  dots  that  both  cap  and  flame  are  extinguished. 
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From  the  above  it  is  at  once  evident  that  benzine  lamp  No.  2,  i.e., 
with  air  admitted  from  above,  has  the  greatest  tendency  to  form  a  perma- 
nent cap,  and  that  the  oil  lamp  No.  2  stands  next  in  this  respect. 

The  differences  between  the  various  lamps  are  more  strildng  when  the 
results  obtained  with  mixtures  containing  from  1  to  10  per  cent,  are 
alone  considered.  Both  lamps  in  which  air  is  admitted  from  above  form 
permanent  caps  with  all  mixtures  up  to  10  per  cent.,  save  with  that 
containing  7  per  cent.,  whereas  with  those  lamps  in  which  air  is  admitted 
from  below,  only  with  the  mixtures  up  to  G  or  7  per  cent.  As  permanent 
caps  are  the  cause  of  the  heating  of  the  gauze,  which  may  or  may  not 
cause  the  inflammation  of  the  surrounding  explosive  mixture,  then  all 
lamps  which  form  permanent  caps  must  be  more  dangerous  than  those 
in  which  the  lamp-flame  and  cap  are  extinguished.  The  heating  of  the 
gauze  to  a  redness  is,  as  already  mentioned  (p.  15),  by  no  means  easily 
attainable,  even  under  exceptionally  unfavourable  conditions. 

That  the  above  results  do  not  depend  alone  on' the  particular  lamp 
used,  has  been  shown  by  a  repetition  of  many  of  the  series  of  experiments 
with  different  lamps,  the  results  in  both  cases  being  alike. 

The  experiments  were  made  with  mixtures  of  gas  and  pure  air,  but 
as  carbon  dioxide  is  a  normal  constituent  of  ordinary  air,  a  special  series 
of  observations  were  made  with  mixtures  containing  this  gas,  the  net 
result  of  which  being  that  as  much  as  5  per  cent,  of  this  gas  may  be 
present  without  affecting  in  any  way  the  appearances  presented  by  the 
flame. 

The  results  of  these  investigations  show  that  with  such  lamps  indica- 
tions of  less  than  1  per  cent,  of  gas  cannot  be  obtained,  and  for  a  more 
exact  examination  of  the  air  of  mines,  a  method  of  examination  similar 
to  that  proposed  by  Pieler  is  required. 

The  appearances  presented  by  the  flame  are  such  as  would  be  obtained 
in  observations  made  in  a  current  of  air  of  low  velocity,  and  can  therefore 
be  compared  to  those  presented  by  lamps  placed  in  the  workings. 

The  tables  have  been  prepared  chiefly  with  a  view  to  enable  officials 
and  miners  to  institute  comparisons  with  their  own  observations,  and  to 
give  them  as  clear  an  idea  as  possible  as  to  the  different  phenomena 
attending  the  combustion  of  various  mixtures  of  fire-damp.  They  will, 
in  this  way,  be  able  to  form  an  accurate  judgment  as  to  the  state  of  the 
air  in  which  they  work,  and  to  report  more  exactly  as  to  the  presence  or 
absence  of  gas. 
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The  President  said,  the  discussion  of  the  paper  would  be  taken  at  a 
later  date,  but  the  present  was  a  favourable  opportunity  for  any  gentleman 
to  ask  Professor  Bedson  any  question. 

Mr.  E.  F.  Boyd  asked  Professor  Bedson  if  he  had  ever  turned  his  atten- 
tion to  reproducing  light  in  a  Davy  lamp  after  it  had  been  extinguished  by 
an  explosion  ?  When  an  explosion  took  place  in  a  lamp  the  man  was  left 
in  darkness,  and  it  was  very  desirable  to  have  some  means  of  reviving  the 
flame  iii  the  lamp,  in  order  to  enable  the  man  to  get  his  work  accom- 
plished. He  also  asked  whether  Professor  Bedson  had  turned  his  attention 
to  the  largest  amount  of  area  of  wire  gauze  which  a  Davy  lamp  might  be 
formed  of  ?  They  might  find  an  objection  to  the  small  size  of  the  gauze 
in  the  Davy  lamp  :  it  was  improved  in  size  in  the  Clanny  lamp. 

Professor  Bedson,  in  reply  to  the  first  question,  explained  the  means 
by  which  the  flame  iu  the  Wolf  lamp  can  be  relighted,  as  described  by  the 
Secretary  at  the  previous  meeting.  In  reply  to  the  second  question,  his 
experience  of  the  safety  lamp  was  not  a  very  wide  one.  He  had  learnt  a 
considerable  amount  in  preparing  this  paper,  but  his  experience  of  safety 
lamps  had  been  chiefly  in  the  nature  of  lecture  experiments,  and  he  could 
not  form  any  opinion  as  to  the  relative  surface  of  gauze  that  was  required. 

Mr.  G.  Baker  Forster  had  much  pleasure  in  proposing  a  vote  of 
thanks  to  Professor  Bedson  for  his  great  kindness  in  translating  such  a 
very  admirable  paper.  The  paper  was  of  an  exceedingly  practical  nature, 
although,  perhaps,  it  would  require  to  be  read  two  or  three  times  before 
they  could  thoroughly  understand  it.  The  paper  would  be  of  great  service 
in  enabling  any  one  connected  with  mines  to  form  a  more  accurate  judg- 
ment as  to  the  actual  quantity  of  gas  present  in  any  working  place,  and 
this  was  a  point  upon  which  very  much  depended  in  mines — whether  the 
current  was  likely  to  be  foul  or  not. 

Mr.  E.  F.  Boyd  had  great  pleasure  iu  seconding  the  proposition. 
They  were  very  much  indebted  to  Professor  Bedson  for  the  trouble  he  had 
taken  towards  enabling  them  to  realise  some  of  their  hopes  as  to  the  Davy 
lamp,  which  was  a  subject  of  great  importance,  and  was  becoming  still 
more  important  when  coal  came  to  be  w'orked  in  what  was  called  the 
pillars.  There  had  been  no  reference  made  to  the  passage  of  a  Davy 
lamp  rapidly  through  the  air,  and  what  eflect  that  would  have  in  an  explo- 
sive mixture.  Mr.  Lindsay  Wood  had  made  some  interesting  experiments, 
and  he  did  not  know  whether  Professor  Bedson  knew  of  them. 

The  President  was  quite  sure  the  members  would  cordially  approve 
of  the  vote  of  thanks.  The  facts  which  Professor  Bedson  had  brought 
before  them  in  the  paper  were  of  extreme  interest.    It  seemed  to  be  pretty 
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clearly  shown  that  by  the  use  of  this  lamp  a  percentage  of  gas  as  low  as 
one  per  cent,  could  be  indicated ;  and  this  was  important,  as  it  would 
show  the  very  commencement  of  the  fouling  of  an  air-course.  Taken  in 
connection  with  dust,  they  found  that  a  small  percentage  of  gas  was  more 
dangerous  than  was  at  one  time  thought ;  therefore,  it  was  important  to 
be  able  to  ascertain  and  find  out  the  very  smallest  amount  of  gas. 
The  vote  of  thanks  was  unanimously  agreed  to. 


The  President  said,  that  Mr.  C.  C.  Leach,  the  writer  of  the  paper 
on  "The  Shrinkage  of  Paper,"  was  present,  and  this  was  a  favourable 
ojjportunity  to  discuss  the  subject,  if  any  gentleman  had  any  remarks  to 
make. 

Mr.  J.  Gr.  "Weeks  said,  it  occurred  to  him,  when  Mr.  Leach  was  reading 
his  paper,  that  as  he  had  adopted  a  wood  rule,  whether  that  might  not 
account  for  some  of  the  shrinkage.  With  a  view  to  test  the  matter  him- 
self, he  had  a  distance  of  120  chains  marked  off  on  a  steel  straight-edge, 
and  also  upon  the  painted,  plastered  inside  wall  of  an  office.  Notes  were 
taken  every  month  for  the  last  five  or  six  months,  and  he  found  that 
there  had  been  no  variation  at  all,  so  far  as  regarded  the  steel  and  the 
wall  measurements  ;  but  in  the  month  of  July  only,  there  was  a  slight 
variation,  one  link  in  120  chains,  so  far  as  the  wood  rule  measurements 
were  concerned.  The  wood  seemed  to  have  shrunk  the  infinitesimal 
length  of  one  link.  He  had  used  the  wall  and  the  steel  straight-edge  as 
things  less  likely  to  expand  or  contract.  The  wood  rule  was  that  used 
by  Mr.  Leach.  It  showed,  therefore,  that  the  expansions  and  contractions 
described  were  due  to  the  paper  itself,  and  not  to  the  scale  that  was 
employed. 

Professor  Lebour  thought  that  the  experience  of  those  who  had  to  do 
with  mapping  would  go  to  show  that  Mr.  Leach's  observations  were  very 
correct.  The  very  small  amount  of  variation  which  was  shown  in  his 
results  might,  however,  make  one  think  that  perhaps  no  greater  variations 
were  to  be  found.  As  a  matter  of  fact,  he  had  himself  known  of  varia- 
tions in  paper  infinitely  larger  than  anything  Mr.  Leach  had  measured  ; 
and  this  went  to  show,  that  the  plans  at  Mr.  Leach's  colliery  oflBce  were 
kept  on  very  good  paper.  The  Government  maps,  on  the  other  hand, 
were  kept  on  bad  paper,  so  far  as  variable  stretching  and  shrinkage  were 
concerned  ;  and  he  had  known  of  variations  of  as  much  as  half-an-inch 
at  the  side  of  a  six-inch  map  after  it  had  been  put  away  for  six  months 
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or  SO.  One  result  of  this  was  that  in  preparing-  maps  of  the  geological 
survey,  to  be  engraved  by  the  Ordnance  people  at  Southampton,  it  fre- 
quently happened  that  when  the  lines  had  been  drawn  so  that  they  might 
tally  and  run  from  one  map  to  another,  they  w^ere  engraved  so  as  not  to 
tally  at  all,  because  the  paper  had  altered,  and  altered  quite  irregularly. 
The  changes  were  often  very  much  greater  than  anything  which  Mr. 
Leach  had  recorded.  Nothing  in  the  way  of  observations  had  been  done 
so  systematically  as  by  Mr.  Leach,  and  his  observations  were  of  the 
greatest  interest. 

Mr.  G.  Baker  Forster  asked  Professor  Lebour  if  he  meant  that 
there  was  a  change  in  the  sheets  that  had  been  engraved  ? 

Professor  Lebour  :  Yes. 

Mr.  G.  B.  Forster  :  Is  not  the  paper  damped  before  printing,  and 
does  not  the  variation  arise  from  that  ? 

Professor  Lebour  said,  the  paper  was  damped. 

Mr.  G.  B.  Forster  said,  he  had  always  found  that,  for  this  reason, 
the  Ordnance  maps  were  not  to  be  relied  upon.  It  was  not  generally 
know'n  that  they  could  get  tracings  from  the  original  copies  by  sending 
for  them.     He  had  done  so. 

Professor  Lebour  said,  it  was  possible  sometimes  to  get  dry  proofs, 
and  they  were  infinitely  better  than  tracings.  Dry  proofs  did  not  shrink 
so  much  as  ordinary  tracing  paper.  The  dry  proofs  looked  very  ugly,  but 
everything  practically  requisite  was  on  them.  The  dry  proofs  were  not 
ordinarily  sold,  and  the  office  was  apparently  very  averse  to  letting  them 
go  out ;  but  they  could  be  got. 

The  President  asked  Mr.  Lebour  if  he  considered  that  the  variation 
iu  the  ordinary  Ordnance  sheets  occurred  from  time  to  time,  or  that  it 
had  occurred  all  at  one  time,  when  the  prints  were  taken  ? 

Professor  Lebour  said,  that  the  variation  had  occurred  from  time  to 
time,  and  w-as  irregular. 

The  President — It  is  well  known  that  two  sheets  never  fit  each 
other,  but  it  was  thought  it  arose  at  the  time  of  printing,  and  not  by  a 
change  afterwards. 

Professor  Lebour  thought  it  occurred  in  both  ways,  and  in  the  most 
erratic  manner. 

Mr.  Ogden  said,  they  should  not  rely  on  the  horizontal  or  the  vertical 
measurement.  When  paper  was  made  entirely  by  hand,  the  contraction 
and  expansion  were  equal  both  ways ;  but  it  was  not  so  now  when  paper 
was  made  by  machinery. 

The  President — That  is  a  very  interesting  piece  of  information. 
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Mr.  Ogden  said,  this  might  be  tested  with  modern  papers  as  compared 
with  those  long  past.  He  did  not  know  the  particular  way  in  which  the 
variation  was  in  hand-made  paper. 

The  President — It  would  be  interesting  to  know  the  particular  ratio 
in  any  paper. 

Mr.  Ogden  said,  he  did  not  know  what  the  variation  was,  or  whether 
there  was  any  particular  ratio.  It  would  probably  be  found  that  they 
vary  both  horizontally  and  vertically. 

Professor  Merivale  asked  if  there  was  no  substance  on  which  plans 
could  be  made  which  would  not  alter  ;  or,  if  the  material  was  expanded 
by  heat,  then  it  would  contract  again  when  in  its  original  atmosphere  ? 
Perhaps  Professor  Garnett  or  Professor  Herschel  could  say  whether  thin 
sheets  of  vulcanite  retained  their  size. 

Professor  Herschel  said,  they  knew  that  tape  measures  were  made 
of  woven  materials  that  are  practically  inextensible,  painted  with  enamel 
paint  sufficiently  smooth  to  receive  the  printed  marks  upon  it.  The  thin 
glazed  cloth  used  by  engineers  as  tracing  cloth  was  no  less  subject  to 
variations  from  moisture  than  paper  was,  but  oiled  silk  might  not  be  so ; 
and  such  a  substance  as  was  used  for  tape  measures  was,  he  supposed, 
capable  of  being  made  on  a  larger  scale  suitable  for  plans,  as  it  was 
commonly  used  for  wall  maps,  but  he  did  not  know  where  it  could  be  got. 
Ebonite  is  made  soft  and  plastic,  like  gutta-percha,  by  a  very  gentle  heat. 

Mr.  Leach  said,  it  is  very  satisfactory  to  have  it  proved  that  the 
wooden  scale  used  was,  practically  speaking,  not  liable  to  either  expansion 
or  contraction,  and  that  therefore  the  varying  measurements  set  forth  in 
his  paper  are  due  solely  to  the  lengthening  and  shortening  of  the  papers 
experimented  upon.  Respecting  damping  the  paper,  the  writer  found 
that  paper  so  treated  expanded  very  much,  and  very  unequally  ;  and 
after  being  cut  off  the  board,  to  which  it  had  been  glued,  the  paper 
quickly  contracted  again,  and  subsequently  varied  like  undamped  paper. 
Owing  to  one  part  of  a  plan  v^arying  in  different  proportions  and  at 
different  times  very  much  from  another  part,  the  base  lines  became  twisted, 
and  this  threw  the  survey  out  of  truth,  and  was  a  very  important  con- 
sideration. He  had  found,  on  measuring  papers,  that  the  measure- 
ments, both  horizontally,  diagonally,  and  vertically,  varied  considerably 
in  hand-made  papers,  as  well  as  all  other  papers ;  and  in  his  opinion, 
judging  from  his  experimental  measurements,  hand-made  paper  seemed  to 
be  worse  in  this  respect  than  machine-made  paper ;  the  latter  seemed  to 
go  more  evenly.  Respecting  dry  proofs,  the  director  of  the  Ordnance 
Survey  wrote  him: — "  Dry  proofs  are  not  more  accurate,  as  to  exact  mea- 
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siircmeut,  than  tracings  taken  from  the  MS.  plans;"  and  he  was  told  at 
the  Government  Office,  at  Southampton,  that  they  would  not  expect  the 
MS.  tracings  off  the  original  plans  to  fit  on  the  plans  even  if  they  tried 
them  as  soon  as  they  were  traced,  and  it  was  with  the  greatest  trouble 
that  they  could  get  their  own  plans  to  stand.  They  had  been  conducting 
experiments  at  Southampton  for  years,  but  he  could  obtain  very  little 
information  from  the  Ordnance  authorities,  as  it  was  against  their  rules 
to  give  any;  but,  he  thought,  probably  the  great  influence  of  the  Council 
might  cause  them  to  relax  in  this  respect,  and  so  obtain  further  infor- 
mation. 

The  meeting  couciiided. 
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PROCEEDINGS. 


GKXKHAL  MKETIXU,  SATURDAY,  DECEMBER  12th,  1885,  IN  THK  WOOD 
MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


JOHN   DAGLISH,  Esq.,  President,  in  the  Chaie. 


The   Secretary  read  the   minutes  of  the  previous  meeting,  and 
reported  the  proceedings  of  the  Council. 

The  following  gentleman  was  elected,  having  been  nominated  at  the 
last  meeting : — 

Associate  Member — 
Mr.  Edwabd  Septimus  Wight,  Marsdeii  Colliery,  South  Shields. 


Mr.  Joseph  Wilson  Swan,  M.A.,  read  the  following  paper  "On  a 
Portable  Electric  Safety  Lamp  for  Miners"  : — 


VOL.  XXXV  — 1885.  G 


roUTABI-E  KE.ECTKIC  SAFETY  LAJIP  FOR  MINKIIS.  51 


ON  A  PORTABLE  ELECTRIC  SAFETY  LAMP  FOR  TUNERS. 


Bv  JOSEPH  WILSON  SWAN,  M.A. 


This  paper  has  been  wi'ittcn  at  the  request  of  the  President,  to  exphiin 
to  the  members  some  of  the  latest  results  of  an  attempt  to  adapt  elec- 
tricity to  the  lighting  of  coal  mines. 

In  endeavouring  to  render  practical  this  new  means  of  coal  mine 
illumination,  it  has  been  assumed  that  the  existing  method  is  susceptible 
of  improvement,  and  that,  notwithstanding  recent  modifications  of  the 
safety  lamp,  that  stage  of  perfection  in  pit  lighting,  beyond  which  there 
is  nothing  more  to  be  desired,  either  in  respect  of  safety  or  sufficiency, 
has  not  been  reached. 

The  members  of  the  Institute,  as  practical  mining  engineers,  are  the 
most  competent  judges  how  far  the  inventor  has  been  right  in  this 
assumption,  and  whether  he  has  been  doing  necessary  or  unnecessary 
work. 

As  an  outsider,  and  looking  at  the  subject  from  a  theoretical  and 
abstract  point  of  view,  it  seems  that  safety  from  the  danger  of  the  lamp 
causing  an  explosion  of  fire-damp  must  necessarily  be  more  absolutely 
assured  if  the  light  of  the  lamp  be,  as  in  the  case  of  an  electric  lamp  it  is, 
completely  cut  oflF  from  all  communication  with  the  atmosphere.  And  it 
also  appears  clearly  evident  that  if  l)y  means  of  electricity  a  better  light 
— a  larger  amount  of  light — can  be  obtained,  those  accidents  to  life  and 
limb  which  occur  through  falls  of  coal  and  stone  in  the  workings — a 
class  of  accidents  from  which,  as  is  well  known,  there  results  a  far  larger 
mortality  than  from  explosions — must  be  diminished.  It  is  to  be  hoped, 
therefore,  that  the  object  is  not  a  futile  one,  and  that  the  only  question 
to  be  considered  is  how  far  the  object  has  been  attained. 

At  a  meeting  of  the  Institute,  four  years  ago,  a  form  of  lamp  described 
at  page  149,  Vol.  XXX,  of  the  Transactions,  which  required  a  separate 
supply  of  electricity  to  be  conveyed  to  it  through  a  flexible  cord  enclosing 
two  wires,  was  shown,  A  member  of  the  Institute  criticised  the  feature  of 
the  dependence  of  the  light  upon  an  extraneous  supply  of  electric  power, 
and  expressed  the  opinion  that  the  value  of  the  electric  liglit  in  mines  would 
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be  greatly  eiilianced  if  the  lamp  aud  the  supply  of  electricity  to  it  could 
be  combiued  iu  one  apparatus.  This  opinion  seemed  to  be  generally 
concurred  iu  by  the  meeting,  and  it  made  a  strong  impression  on  the 
writer.  Ever  since  that  time  he  has  kept  the  idea  in  mind,  and  has 
gradually  advanced  towards  its  realization.  The  result  appears  in  the 
lamp  now  described,  which  is  both  lamp  and  battery  combined,  capable  of 
giving  during  10  or  12  hours  twice  or  three  times  the  light  of  a  common 
safety  lamp.  On  first  hghting,  it  gives  the  light  of  2  candles,  and  after 
10  hours,  about  1|  candles.  As  in  the  earUer  lamp,  the  hght  comes  from 
a  filament  of  carbon,  sealed  air-tight  in  a  small  tube,  aud  tliis  tube  is 
protected  by  a  bull's  eye  of  glass,  so  strong  as  to  be  practically  unbreak- 
able. 

The  current  necessary  to  render  the  filament  incandescent  is  generated 
by  cells  contained  in  the  case.  For  regular  mine  working,  these  are 
composed  of  lead  and  lead  oxide.  This  kind  of  cell  is  what  is  termed  a 
secondary  cell,  or  one  wliich  is  re-charged  by  being  connected  for  a  time 
with  an  electric  generator  such  as  a  dynamo.  Another  kind  of  cell  can 
be  used,  composed  of  zinc  and  lead  oxide,  with  a  special  view  to  the 
occasional  employment  of  the  lamp  for  exploration  in  vitiated  air.  This 
is  a  primary  cell,  and  only  requires  filhug  with  liquid  to  make  it  ready 
to  give  light. 

With  regard  to  the  position  of  the  lamp,  it  is  perhaps  a  question 
whether  it  is  better  on  the  side  or  on  the  top  of  the  case.  Professor 
Merivale  was  strongly  of  opinion  that  the  lamp  should  be  fixed  on  the 
top,  and  to  settle  this  point  the  writer  is  now  having  a  lamp  so  fitted. 

It  will  sometimes  be  convenient  to  have  a  duplicate  lamp  within  the 
bull's  eye,  with  a  switch  connection  to  enable  either,  but  not  both,  to  be 
lighted,  so  that  in  case  a  lamp  should  fail  the  miner  will  not  be  left  in 
the  dark.  (A  lamp  fitted  in  tliis  manner,  and  also  a  lamp  fitted  with 
the  primary  battery  described  were  here  exhibited.) 

The  writer  had  hoped  to  have  been  able  to  show  a  fourth  modifica- 
tion, in  which  there  are  only  two  cells,  instead  of  seven,  to  light  a  lamp. 
By  this  arrangement  the  weight  is  diminished  to  between  5  and  6  lbs. 

Speaking  of  the  weight,  it  is  perhaps  necessary  to  point  out  that 
that  is  proportional  to  the  light  yielded,  and  the  time  during  which  it  is 
kept  up.  By  takmg  from  the  electric  lamp  as  small  an  amount  of  light 
as  the  ordinary  safety  lamp  gives,  its  weight  need  not  much  exceed  that 
of  the  heavier  lamps  in  common  use. 

Believing  that  a  good  light  was  the  most  important  point  to  be  gained, 
after  safety,  the  electric  lamp  shown  had  been  constructed  to  give  two  or 
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three  times  the  Hght  of  the  ordinary  lumps,  and  consequently  it  was 
heavier;  in  fact,  weiglit  was  made  subordinate  to  light,  but  it  is  hoped 
that  tlie  weight  and  size  of  the  present  lamp  will  not  be  found  unhandy. 

The  a])paratus  could  have  been  made  much  lighter  if  it  had  been  per- 
missible to  employ  a  primary  battery,  instead  of  a  secondary  one;  but  it 
appears  to  be  only  allowable  to  use  a  primary  battery  to  meet  sudden 
emergencies,  and  in  those  cases  where  there  is  no  dynamo  and  no  regular 
system  in  operation  for  charging  secondary  batteries. 

For  mine  exploration,  where  the  air  is  \ery  foul,  as,  for  example,  after 
an  explosion,  which  has  destroyed  the  ventilation  of  the  mine,  a  lamp  of 
this  kind  with  a  primary  battery,  in  conjunction  with  a  Fleuss  breathing 
apparatus,  will  probably  be  found  very  useful ;  and  it  is  worth  consider- 
ation whether  a  certain  number  of  lamps  of  this  type,  with  a  primary 
battery,  ought  not  to  be  kept  ready  to  be  used  iu  case  of  accident  at  every 
pit  liable  to  a  fire-damp  explosion.  But  as  a  substitute  for  the  ordinary 
safety  lamp  for  general  underground  lighting,  a  l)attery  which  requires, 
each  time  it  is  used,  to  have  the  spent  charge  emptied  out,  and  a  fresh 
charge  poured  in,  and  which  also  requires  frequent  renewal  of  the  positive 
plate  of  each  cell,  is  impracticable. 

On  the  other  hand,  a  secondary  battery  such  as  the  writer  has  adopted 
can  be  charged  with  even  less  trouble  than  attends  the  trimming  of  an  oil 
lamp.  It  is  only  necessary  to  insert  a  couple  of  wires  from  an  electric  main 
into  the  charging  sockets  of  the  battery,  in  the  manner  represented  in 
Plate  VII,  and  to  leave  it  there  from  the  time  the  lamp  is  handed  in  at 
the  end  of  a  shift  until  it  is  wanted  again,  twelve  or  fourteen  hours  after. 
Hundreds  of  lamps  can  be  charged  at  a  time  in  this  way,  and  at  very  small 
cost.  An  engine  developing  an  effective  fi^■e  horse-power,  and  a  dynamo 
electric  machine,  correspondingly  small,  would  suffice  to  charge  300  lamps 
at  one  operation.* 

Plate  VII,  Fig.  1,  is  a  section,  and  Fig.  2  a  plan  of  the  electric  lamp;  a  is 
a  thin  ebonite  cylinder,  about  4^  inches  diameter  and  7^  high,  with  an 
ebonite  cover,  to  which  is  attached  a  handle  v,  screwed  on  to  it.  Inside 
this  are  seven  ebonite  cells  c,  about  1  ^  inch  diameter  ;  each  of  these  cells  is 
hned  with  a  lead  cylinder  g,  grooved  nearly  through  its  whole  length,  the 
grooves  being  filled  with  spongy  lead  h.     For  the  positive  element,  fine 

*  One  horse-power  (electrical)  =  746  watts.  The  net  electri<;al  energy  absorbed  in 
charging  each  battery  is  nearly  f!^  watts ;  therefore,  300  lamps  absorb  two  and  a-tif th 
electrical  horse-power,  and  to  develop  this  and  compensate  for  waste  in  transforming 
mechanical  into  electrical  and  chemical  energy,  about  tive  effective  horse-power 
would  be  required.  Tliis  power  would  have  to  be  exerted  during  twelve  to  fourteen 
hours. 
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lead  filament,  a  material  invented  and  mauufactuved  by  Mr.  Norman 
Cookson,  has  also  been  used  with  success.  The  core  is  a  lead  «ire  d, 
surrounded  by  peroxide  of  lead  e,  wrapped  round  with  cloth  which  fills  the 
space ;  between  the  two  elements  is  dilute  sulphuric  acid  ;  « « i'are  strips  of 
lead  connecting  the  lead  lining  cylinders  with  the  lead  cores,  and  by 
referring  to  Fig.  2  it  will  be  seen  that  a  wire  n  leaves  the  core  of  the 
seventh  cell,  passing  round  and  being  protected  by  the  ebonite  cylinder  a 
till  it  comes  to  q  ;  it  there  terminates  in  a  small  button  which  pierces  the 
cylinder  «  ;  7;  is  a  brass  cap  or  switch  plate,  screwed  on  to  the  cylinder  a, 
in  which  plate  is  a  small  screw  with  an  ebonite  knob.  When  this  is 
pressed  on  to  the  button  of  the  wire,  contact  is  made,  and  the  current 
passes  through  from  the  brass  bracket  j)  along  the  wire  till  it  comes  to 
the  spring  r  which  holds  the  lamp.  The  current  then  passes  through  the 
filament  to  the  spring  t  and  back  through  0,  round  the  other  side  of  the 
cylinder,  where  it  joins  on  to  the  lead  cylinder  No.  1.  A  small  disc  y,  is 
placed  in  the  bottom  of  each  cell  to  keep  the  lead  wire  cores  from  being- 
short-circuited  with  the  last  cylinder  c.  Other  wires  are  attached  to  the 
lead  cylinder  No.  1,  and  the  charging  hole  /,  and  the  lead  core  7,  to 
another  charge  hole  m  ;  1c  k  1c  are  ebonite  caps  which  shut  the  tops  of 
the  cells,  except  a  small  space  around  the  central  wire. 

The  lamp  is  i'urther  protected  by  a  strong  glass  shield  v  with  a  re- 
flector X,  composed,  by  preference,  of  some  brilliantly  white  unpolished 
surface. 

Fig.  3  is  a  full  sized  section  of  the  leaden  lining,  and  Fig.  4  shows 
the  way  the  wires  are  led  to  and  fi'om  the  filament. 

Fig.  5  shows  the  way  in  which  the  lamps  are  charged  ;  a  and  h  are 
two  wires  running  from  the  negative  and  positive  poles  of  a  dynamo, 
driven  by  an  engine. 

Enough  has  now  been  said  to  explain  this  new  lamp,  and  the  con- 
ditions under  which  it  can  be  used.  It  remains  for  the  writer  to  express 
the  hope  that  the  invention  may  commend  itself  for  approval  as  a 
safer  and  better  means  of  lighting  dangerous  mines  than  those  hitherto 
employed. 


The  President  said,  they  had  heard  ^Ir.  Swan's  description  of  his 
very  ingenious  lamp,  which  must  be  a  matter  of  interest  to  them  all. 
If  any  gentleman  had  any  questions  to  ask,  Mr.  Swan  would  answer  them. 
Mr.  Swan  described  the  light  of  a  lamp  with  a  secondary  l)attery  as  being 
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of  iibout  2  caiuUe-power  and  lasting  over  ten  hours,  lie  would  ask 
Mr.  Swan,  what  was  the  light  and  the  duration  in  a  lamp  with  a  primary 
battery  ?  Mv.  Swan  had  mentioned  that  there  would  be  great  difficulty 
in  charging  lamps  with  jirimary  cells.  He  might  mention  to  Mr.  Swan 
that  this  was  wiiat  they  had  to  do  at  present  with  the  safety  lamps,  every 
lamp  had  to  be  charged  independently,  and  he  did  not  see  that  there 
would  be  so  much  more  difficulty  in  charging  electric  lamps,  unless  there 
was  some  cause,  which  did  not  appear  on  the  surface,  which  made  it 
difficult  to  charge  them.  The  electric  lamp  might  be  a  httle  heavier,  and 
take  more  fluid,  but  this  did  not  seem,  itself,  very  objectionable.  One 
observation  made  by  Mr.  Swan  was  a  very  valuable  one.  They  were 
aware  that  in  the  emjilojanent  of  the  Fleuss  apparatus,  after  explosions, 
there  had  been  some  awkwardness  with  the  lamp.  He  had  not  heard  of 
any  objection  to  the  helmet  part  of  the  Fleuss  apparatus  for  the  explorer, 
but  there  were  objections  to  the  lamp.  Mr.  Swan,  with  his  lamp,  seemed 
to  have  overcome  this  difficulty,  and  this,  in  itself,  was  a  matter  of  great 
importance. 

Mr.  LiSHMAN  said  he  had  to  ask  a  question  which  was  also  of  some 
importance,  namely — What  was  the  prime  cost  of  these  electric  lamps  to 
begin  with,  and  then  the  cost  of  upholding  them  ?  The  question  applied 
to  both  the  primary  and  secondary  lamp. 

Mr.  George  Baker  Forster  thought  they  were  very  much  indebted 
to  Mr.  Swan  for  exhibiting  his  lamps  before  them;  and  they  appeared  to 
him  (Mr.  Forster)  to  be  a  step  towards  the  final  stage,  if  not  the  final 
step.  He  had  no  objection  lo  the  lamp  in  its  construction;  and  the 
weight  could  be  got  over,  as  they  did  not  want  a  lamp  so  much  for 
travelling  with  as  for  use  in  the  places  where  the  men  were  at  work.  The 
only  objection  he  saw  was  that,  by  these  lamps,  they  could  not  tell 
the  presence  of  gas,  and  whether  they  were  in  a  breathable  atmosphere 
or  not.  A  man  might  be  suddenly  overpowered  by  foul  gases  and 
have  no  warning  from  these  lamps.  They  could  not  have  a  man  going 
about  a  pit  at  all  times  with  a  gas-tester.  If  Mr.  Swan  could  take  any 
weight  off,  so  nnich  the  better;  but  he  did  not  think  the  present  weight 
would  debar  the  lamps  being  used.  .V  lot  of  lamps  might  be  carried  in 
to  the  workings  in  a  tub  if  necessary.  A  man,  when  at  work,  did  not 
carry  his  lamp  about,  he  hung  it  up.  He  did  not  agree  with  Professor 
Merivale  about  having  the  light  on  the  top  of  the  lamp  ;  l)ecause  he 
believed  a  man,  when  at  work  could  work  best  with  the  side  light  from 
the  lamp.  If  the  light  was  on  the  top  of  the  lamp  a  great  deal  of  the 
light  would  be  lost.      He  supposed  the  idea  of  putting  the  light  on  the 
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top  ^'as  to  examine  the  roof ;  but  they  did  not  judge  of  the  roof  entirely 
by  looking  at  it.  They  could  not  always  see  when  a  stone  was  going  to 
fall,  and  anyhow,  the  electric  lamp  could  be  turned  upon  its  side. 

Mr.  Swan — The  lamp  can  be  turned  almost  horizontally,  if  a  secondary 
one. 

Iilr.  FoESTER  thought  that  this  lamp  was  the  very  thing  likely  to  be 
of  great  service  in  fiery  mines  -mines  lial)le  to  sudden  outbursts  of  gas. 
The  cost  would  probably  be  more  than  that  of  a  Davy  lamp  ;  although 
from  what  Mr.  Swan  had  said  he  should  imagine  that  the  cost  for  up- 
holding would  not  be  more  than  for  the  Davy  lamp.  The  first  cost  would 
be  rather  heavy  ;  but  they  had  to  consider  whether  it  was  not  worth  it  to 
get  absolute  safety  with  lamps  in  mines  that  were  liable  to  accidents. 

Professor  Merivale  said,  that  with  respect  to  the  illuminating  of  the 
roof  in  mines,  he  was  afraid  he  was  in  the  minority.  The  importance  of 
illuminating  the  roof  he  had  enforced  upon  the  gentlemen  to  whom  he 
lectured.  The  loss  of  life  from  falls  of  roof  and  sides  was  42  per  cent., 
and  from  explosions  of  gas  24  per  cent.;  and  he  thought  this  was  due  to 
the  fact  that,  with  the  ordinary  safety  lamp,  they  could  not  examine  the 
roof.  He  knew  they  did  not  judge  of  the  roof  simply  by  the  eye  ;  but 
a  good  light  upon  the  roof  would  be  of  great  assistance  in  judging 
whether  it  were  right  or  not.  The  importance  of  this  had  escaped  the 
attention  of  almost  every  modern  lamp  inventor.  An  inventor  screened 
the  lamp  with  gauze,  extra  gauze,  sometimes  with  a  shield,  and  some- 
times with  tubes,  in  order  to  enable  it  to  stand  high  velocities;  and  the 
result  was  that  no  light  was  thrown  except  on  the  working  face.  Mr. 
Swan  had  promised  to  introduce  a  lamp  which  would  throw  light  upon 
the  roof.  He  did  not,  of  course,  want  a  lamp  only  to  throw  light  upon  the 
roof,  but  a  lamp  to  throw  as  good  a  light  on  the  roof  as  on  the  place 
where  the  work  was.  As  to  the  primary  battery,  Mr.  Swan  told  them 
that  it  was  lighter,  and  could  be  used  after  explosions.  He  supposed  the 
objection  to  the  primary  battery  was,  that,  if  carried  about,  the  liquid 
would  be  liable  to  be  spilt.  If  that  was  the  objection  to  the  primary  battery 
in  Mr.  Swan's  mind,  he  (Professor  Merivale)  did  not  think  it  a  great  one; 
because  they  did  not  require  a  lamp  to  l^e  carried  about,  but  to  be  set 
down  where  the  hewer  was  at  work.  As  to  searches  in  times  of  explosions, 
the  lamp  in  which  there  was  liquid  w^ould  be  awkward,  as  they  had  to  crawl 
sometimes,  and  the  liquid  was  liable  to  be  spilt.  A  very  important 
feature  in  Mr.  Swan's  present  lamp  was  the  enormous  advance  over  the 
lamp  shown  four  years  ago;  and  it  was  possible  that  in  the  next  four 
years  Mr.  Swan  might  improve  his  present  lamp,  and  make  as  great  an 
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advance  upon  it,  as  it  now  was  upon  the  otlier.      The  only  objection 
he  had  to  the  lamp  was  the  impossibility  of  detecting  gas  with  it. 

Mr.  Sydney  F.  Walker  congratulated  Mr.  Swan  npon  the  success 
which  he  had  achieved.  A  great  many  gentlemen  in  London  and  other 
parts  of  the  country  had  tried  to  make  electric  lamps  for  mines;  and  the 
lamp  shown  by  Mr.  Swan  was,  so  far  as  he  knew,  tlie  only  practical  lamp 
of  the  kind  in  existence.  He  had  watched  the  course  of  the  development 
of  these  lamps  from  the  time  when  IMr.  Swan  first  brought  out  his  incan- 
descent lamp.  Inventors  in  Ijondon  and  elsewhere  had  stated  that  they 
had  produced  lamps  which  would  be  safe  in  coal  mines;  but,  when  inquired 
into,  they  were  found  to  give  only  a  very  medium  light  for  an  insufficient 
time.  His  experience  of  lighting  collieries  was  this — that,  before  the  electric 
light  came  upon  the  scene,  mining  gentlemen  were  usually  content  with 
very  bad  lights;  Imt  now  they  wanted  a  great  deal  of  light,  and,  like 
Oliver  Twist,  were  always  asking  for  more.  He  understood  Mr.  Swan 
had  improved  his  lamp  since  he  showed  it  at  the  meeting  of  tlie  British 
Association,  at  which  time  it  gave  only  half  or  three-quarter  candle- 
light, but  now  it  gave  two  and  a  half  candle-light.  He  would  ask  whether 
Mr.  Swan  hoped  to  increase  the  light  still  more.  His  (Mr.  Walker's) 
own  opinion  had  been — he  gave  it  with  all  reserve  for  what  it  was  worth — 
that  the  illumination  of  the  face  of  che  coal  in  days  to  come  would  be  done 
by  something  like  Mr.  Swan's  original  lamp ;  that  mains  would  be  laid  to 
convenient  places,  and  some  flexible  arrangement  be  made  to  communicate 
with  lamps  which  a  working  collier  could  carry  in  his  pocket,  and  be  taught 
to  hook  up  at  certain  points  when  used.  He  thought  that  the  rising 
generation  of  working  colHers,  with  the  mark  of  the  School  Board  on 
them,  and,  perhaps,  with  some  information  on  electricity  taught  them  in 
science  classes,  when  they  knew  that  by  using  these  lamps  they  kept  the 
colliery  from  harm,  and  would  have  a  light  to  work  witli  such  as  their 
forefathers  never  dreamt  of,  it  would  not  be  very  long  before  they— to  use 
an  old  expression — tumbled  to  it.  A  point  mentioned  by  Professor 
Merivale,  and,  he  thought,  by  Professor  Abel  and  others  previously,  was 
that  the  one  drawback  to  Mr.  Swan's  lamp  was  that  it  gave  no  test  for 
gas.  He  did  not  know  whether  Mr.  Swan  had  given  his  attention  to  the 
point;  but  he  (Mr.  Walker)  saw  no  reason  why  there  should  not  be  a 
purely  testing  lamp  for  managers,  viewers,  and  so  on.  The  lamps  for 
these  officials  should  have  a  testing  arrangement  attached  to  them.  He 
thought  there  might  be  a  glowing  platinum  wire;  for  when  gas  was 
allowed  to  be  present  it  caused  the  wire  to  glow  rather  more,  according 
to  a  certain  ratio.     He  saw  no  reason  why  an  arrangement  could  not  be 
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attached  to  the  lamps  for  the  special  use  of  the  managers  and  officials  to 
test  gas.  He  asked  Mr.  Swan  what  was  the  Ufe  of  the  secondary  battery? 
He  did  not  mean  the  number  of  hours  it  would  last  in  furnishing  the 
light;  but  the  number  of  months  or  years  they  could  go  on  charging  and 
discharging  it.  The  principal  objection  to  the  primary  battery  was  the 
cost  of  working.  The  primary  battery  had  the  advantage  in  point  of 
Aveight,  because  the  working  material  was  contained  within  itself,  and 
was  consumed  on  the  spot.  In  the  secondary  battery  they  had  to  have, 
so  to  speak,  a  working  battery  in  addition,  and,  therefore,  the  weight  was 
greater.  The  cost  of  working  by  the  primary  battery,  as  against  the  cost 
of  working  by  the  secondary  battery,  would  be  (he  spoke  subject  to  cor- 
rection) something  hke  fifty  times.  The  whole  question  of  the  improve- 
ment of  the  battery,  which  was  the  crux  of  the  whole  thing,  was  rather  a 
chemical  question  than  an  electrical  question;  and  it  was  a  question  which 
Mr.  Swan  was  more  suited  than  anybody  to  tackle. 

Professor  Herschel  said,  there  was  one  point  he  would  like  to  raise, 
and  tliat  was,  how  far  the  lamps  could  stand  ill-usage  with  respect  to  the 
continuity  of  the  battery  arrangement — whether  the  secondary  battery 
could  stand,  without  damage  or  injury  to  its  construction  or  formation,  the 
violence  to  which  it  was  liable  by  shock  or  blow  ?  Would  any  accident 
of  this  kind  be  likely  to  harm  the  lamp  ?  Perhaps  Mr.  Swan  would  be  able 
to  enlighten  them  as  to  the  manner  in  which  the  plates  were  charged,  or 
excited,  by  the  primary  current,  so  as  to  give  them  an  idea  whether  care  in 
charging  was  necessary;  and  as  to  whether  any  form  of  gauging  the 
instrument  should  be  used  to  prevent  over-charging,  or  injuring  the  lamp 
in  charging. 

Mr.  Steavenson  said,  he  felt  it  very  difficult  indeed  to  say  anything 
in  the  discussion  on  this  lamp,  because,  in  the  first  place,  he  was  unwilling 
to  say  a  single  word  to  discourage  Mr.  Swan  in  his  meritorious  lal)Ours. 
At  the  same  time,  they  could  not  help  feehng  that  the  lamp  was  rather 
too  heavy  for  practical  purposes.  If  put  into  the  hands  of  an  ordinary 
pitman  he  would  refuse  to  carry  it  to  his  place.  Carrying  a  lamp  along 
passages  five  or  six  feet  high  was  a  different  thing  to  carrying  it  through 
workings  and  returns.  He  had  been  considering  whether  it  might  not  be 
possible  to  charge  the  lamp  during  the  shift,  and  this  would  enable  a 
smaller  lamp  to  be  used.  To  re-charge  the  lamps  in  the  pit  during  each 
shift  was  possible;  then  they  had  to  consider  how  far,  in  this  district, 
such  an  absolutely  safe  lamp  was  needed.  If  such  a  lamp  was  a  necessity, 
they  would  put  up  with  it,  and  use  it.  But,  if  in  these  mines  there  was 
a  current  of  air  sufficient  to  blow  the  flame  through  the  gauze,  then  the 
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volume  of  air  was  sufficieut  to  render  harmless  any  gas  there  might  be 
present.  In  Yorksliire  and  some  other  parts  such  a  lamp  would  be  useful 
indeed  ;  but,  in  these  northern  counties,  where  collieries  had  been  worked 
for  forty  or  fifty  years,  and  where  the  gas  had  got  liberated,  there  was, 
perhaps,  not  so  much  necessity  for  this  lamp.  A  man  travelling  in  a 
seam  three  feet  six  inches  high,  would,  at  the  end  of  ten  minutes  or 
quarter  of  an  hour,  find  this  lamp  a  great  inconvenience.  He  was  sorry 
to  discourage  Mr.  Swan  in  any  respect  by  saying  anything  against  the 
lamp.     The  only  objection  to  it  was  its  weight. 

Professor  Garnett  said,  he  would  like  to  know  whether  the  lead  fibre, 
which,  according  to  the  British  Association  paper,  appeared  to  fill  the  space 
between  the  lead  tube  and  the  core,  was  abolished  in  the  present  lamp,  or 
whether  it  was  simply  jammed  into  the  channels  which  were  grooved  into 
the  interior  of  the  tube  ?  Did  the  contrivance  to  prevent  the  spilling  of 
the  liquid  consist  simply  of  the  india-rubber  cork  ?  He  also  asked  if  Mr. 
Swan  could  give  any  information  as  to  how  long  the  filaments  in  the 
lamp  would  last  ?  From  some  measurements  he  (Professor  Garnett)had 
had  made  on  one  of  Mr.  Swan's  lamps  a  very  high  result  as  regards  effi- 
ciency was  obtained,  namely,  2iV  watts  per  candle-power,  which  was  equal 
to  357  or  '60S  candles  per  horse-power,  a  very  high  efficiency  for  an 
incandescent  lamp,  and  that  with  an  electro-motive  force  of  li  volts  and 
a  current  of  "41  amperes.  That  was  about  the  force  applied  to  the  lamp 
by  the  seven  cells  within  the  lamp  when  first  started.  As  the  lamp 
burued  the  electro-motive  force  slightly  diminished,  and  the  illuminating 
power  went  down  to  2,  and  then  to  1^  candles.  When  it  was  burning 
at  about  2  candles,  the  efficiency  was  about  250  candles  per  horse-power, 
instead  of  357.  At  that  rate  of  efficiency  they  might  expect  the 
filaments,  if  carefully  used,  to  have  a  life  of  1,300,  or  1,400,  or  1,500  hours. 

Mr.  Swan  said,  the  President  asked  whether  there  was  any  difference  in 
the  amount  of  light  given  from  a  primary  battery  and  a  secondary  battery  ? 
Not  necessarily  so.  But  to  that  brief  reply,  he  might  be  allowed  to  add 
that  his  idea  in  connection  with  the  primary  battery  was  that  it  would  be 
specially  and  perhaps  almost  exclusively  useful  for  the  purpose  of 
exploration  after  an  accident,  and  if  used  in  that  way,  it  might  be  advan- 
tageous to  fit  such  a  lamp  to  the  battery  as  would  give  twice  or  three 
times  the  light  given  by  the  lamj)  with  which  the  secondary  batteries, 
intended  for  general  use  in  the  mine,  were  fitted.  If  this  larger  quantity 
of  light  was  to  be  supported  by  the  primary  battery,  it  would,  of  course, 
be  sustained  for  a  proportionally  shorter  time.  Weight  for  weight,  the 
amount  of  electrical  energy  stored  in  the  primary  battery  was  larger  than 
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that  stored  in  the  secondary  battery,  and  therefore  it  would  yield,  through 
the  medium  of  a  suitable  lamp,  as  much  light  as  the  secondary  battery. 
The  amount  of  light  that  can  be  obtained  from  any  battery  depends  on 
two  things  ;  the  size  of  battery,  and  the  length  of  time  during  which  the 
light  is  maintained.  With  a  given  size  and  construction  of  battery,  time 
alone  has  to  be  considered,  and  the  lamp  can  be  so  constructed  as  to 
give  more  or  less  light  in  proportion  to  the  time  it  has  to  last:  for  example, 
it  would  be  possible  to  have  twice  the  light  for  half  the  time  by  a  simple 
change  of  lamp,  the  battery  remaining  the  same.  It  was  entirely  a 
matter  of  arrangement  how  much  light  they  got,  there  was  no 
difference  between  the  secondary  and  primary  battery  in  this  respect, 
Mr.  Lishman  had  asked  the  cost  of  the  lamp.  He  could  not  say  what  the 
prime  cost  of  the  lamp  would  be,  because  only  a  few  had  been  made,  and 
these  experimentally.  As  to  the  cost  of  charging,  he  had  come  to  the 
conclusion  that  they  would  not  cost  more  than  id.  a  week  per  lamp. 
He  was  told  on  very  good  authority  that  the  average  cost  of  maintaining 
the  ordinary  safety  lamp,  inclusive  of  oil,  repairs,  and  the  man's  wage 
for  trimming  the  lamp,  was  id.  a  week  per  lamp.  This  was,  he  believed, 
an  amount  amply  sufficient  to  cover  the  cost  of  charging  his  lamp. 
Considering,  therefore,  that  the  maintenance  of  an  ordinary  lamp  was 
nearly  £1  per  annum,  he  thought  it  was  pretty  obvious  that  the  interest 
upon  the  capital  outlay  for  the  lamps  themselves  could  not  be  a 
large  addition  to  this  amount.  Connected  with  this  question  were  the 
questions  asked  by  Professor  Herschel  and  Mr.  Walker.  One  asked  as  to 
the  durability  of  the  battery,  and  the  other  whether  it  would  be  apt  to 
sustain  injury  by  being  overcharged  ?  There  was  a  considerable  amount 
of  experience  as  to  the  durability  of  batteries  of  this  kind,  and  he  was 
quite  warranted  in  saying  that,  as  care  had  been  taken  to  eliminate,  as 
far  as  possible,  the  chance  of  corrosion  in  the  parts  where  corrosion 
might  take  place,  the  battery  would  be  very  durable.  He  thought  it 
would  last  several  years.  As  to  whether  there  would  not  be  a  danger 
of  destroying  the  battery  by  over-charging  it,  he  thought,  if  Professor 
Herschel  considered  the  arrangements  made  as  to  the  dynamo,  and  that 
systematic  arrangements  would  necessarily  have  to  be  made  for  charging 
a  larger  number  of  lamps  together,  he  would  see  that  it  would  not  be 
difficult  to  provide  means  for  the  perfectly  uniform  charging  of  the  cells, 
and  very  little  need  be  left  to  the  intelligence  of  the  attendant.  They 
could  have  the  apparatus  so  arranged  as  that  the  right  current  should 
pass  through  each  lamp  so  that  it  would  be  just  sufficiently  charged,  or, 
perhaps,  rather  over-charged,  during  the  time  it  was  off' work,  so  that 
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no  luinii  would  come  to  the  battery.  With  regard  to  Professor  Merivale's 
remarks  about  the  iUumination  of  the  roof,  he  thought  the  Professor 
overlooked  the  fact  that  by  the  present  arrangement  of  this  lamp  they 
did  get  a  good  illumination  of  the  roof.  If  he  took  the  lamp  into 
a  dark  space  it  would  be  seen  that  the  entire  area  in  front  was 
illuminated — floor,  walls,  and  roof.  They  had  a  complete  hemispliere 
illuminated  by  this  lamp.  With  the  miner's  ordinary  lamp  they  had 
only  a  circular  band  of  light,  and  little  illumination  of  the  roof;  but 
with  his  lamp  they  had  the  roof  fully  illuminated;  and  when  they  wanted 
to  have  a  special  examination  of  the  roof,  they  could  incline  his  lamp 
so  as  to  throw  all  the  light  on  to  the  roof.  Several  gentlemen 
seemed  to  think  that  the  primary  battery  might  be  preferable  to  the 
secondary  battery.  In  some  cases  it  would.  There  were  two  objections, 
however,  to  the  primary  battery.  One  was  the  trouble  of  emptying  the 
cells  and  refilling  them,  and  of  renewing  the  positive  and  negative 
elements,  and  this  would  be  both  troublesome  and  costly.  There  was  hardly 
room  for  comparison  of  the  amount  of  trouble  involved  in  charging 
primary  batteries  and  secondary  batteries.  Primary  batteries  would  also 
be  considerably  more  expensive  to  maintain  than  the  secondary  batteries. 
They  could  not  get  a  primary  battery  maintained  at  anything  like  the  cost 
of  -Ad.  per  week.  He  was  very  glad  to  hear  Mr.  Baker  Forstcr  say  that  he 
thought  the  weight  was  not  a  very  great  objection.  It  was  encouraging 
to  find  the  opinion  of  one  of  such  authority  as  Mr.  Baker  Forster,  balanced 
against  the  contrary  opinion  of  Mr.  Steavenson.  But  still  he  had  hopes 
of  being  able  to  reduce  the  weight;  and  he  took  it  that  it  would  not  be  an 
unacceptable  thing  to  have  the  weight  reduced.  Professor  Garnett  asked 
if  he  still  used  the  lead  filament?  He  had  not  abandoned  the  use  of 
lead  filament,  but  he  had  not  used  it  in  the  particular  cells  shown  to-day. 
The  only  means  of  retaining  the  liquid  was  an  ebonite  cover,  not  the 
india-rubber  cork  mentioned  in  the  Plate.  He  would  be  glad  to  show 
Professor  Garnett  the  inside  of  the  lamp  at  the  close  of  the  meeting. 
As  to  the  durability  of  the  lamps,  he  had  very  good  reason  to  expect 
that  the  lamps  would  last  a  long  time.  A  great  deal  depended  upon 
the  way  the  lamp  was  manufactured.  As,  with  his  battery,  the  lamp 
was  only  subjected  to  a  high  pressure  for  a  very  short  time,  they  had  every 
reason  to  expect  that  it  would  not  require  renewal  so  often  as  to  make 
the  cost  of  renewal  too  heavy  a  burden.  The  principal  objection  raised 
against  the  lamp  had  been  ttiat  it  did  not  indicate  the  presence  of 
fire-damp.  He  realised  strongly  that  it  would  be  a  great  point  gained 
if  this  lamp,  like  the  ordinary  lamp,  indicated  the  presence  of  fire-damp. 


62  DISCUSSION — PORTABLE  ELECTRIC  SAFETY  LAilP. 

He  was  told  by  some  that  it  was  not  quite  an  essential  thing,  but 
evidently  many  held  a  contraiy  opinion.  There  had  been  sent  down  to 
him,  by  the  kindness  of  Mr.  Liveing,  one  of  his  (Mr.  Liveing's)  ingenious 
apparatus  for  indicating  the  presence  of  fire-damp;  and  gentlemen  who 
had  not  seen  the  apparatus  would  have  an  opportunity  of  doing  so  at  the 
close  of  the  meeting.  By  means  of  Mr.  Liveiug's  apparatus  so  small  a 
quantity  of  fire-damp  as  one  per  cent,  was  readily  shown.  It  would  not 
be  a  difficult  thing,  nor  would  it  add  much  to  the  cost,  to  adapt  this  test- 
ing apparatus  to  the  electric  safety  lamp.  It  would  not  be  necessary  to 
have  -Yo^h.  part  of  the  weight  of  Mr.  Liveing's  apparatus;  in  fact,  only  the 
top  portion  of  the  apparatus  was  required;  as  the  means  of  producing  the 
electric  current  which  was  necessary  for  the  operation  of  this  test  already 
existed  in  connection  with  the  lamp.  There  were  several  other  well-known 
means  of  detecting  the  presence  of  explosive  gas,  which  could  be  em- 
ployed either  independently  of  the  electric  lamp  or  combined  with  it. 
Among  these  he  might  mention  Ansell's  and  Maurice's.  They  were  not 
yet  at  the  end  of  the  means  of  detecting  the  presence  of  fire-damp;  and 
he  fully  hoped  he  would  be  able  to  add  a  fire-damp  detector  to  his  lamp. 

Professor  Merivale — It  must  be  remembered  that  in  putting  Mr. 
Liveing's  apparatus  to  the  Swan  lamp  the  danger  of  having  to  protect  a 
glowing  spark  with  gauze  will  have  to  be  encountered,  and  no  real 
advance  in  safety  be  obtained. 

The  President  said,  he  was  sure  they  were  exceedingly  obliged  to 
Mr.  Swan  for  bringing  this  important  subject  before  this  Institute, 
and  for  having  done  so  in  his  usual  clear  and  able  manner.  He  agreed 
with  Professor  Merivale  that  it  was  a  matter  of  very  great  importance  to 
have  a  good  light,  not  only,  or  perhaps  not  so  much,  for  examining  the 
roof,  but  because  the  lamp  could  be  kept  at  a  greater  distance  from  the 
point  of  the  actual  working  where  the  light  was  intended  for.  They  had 
frequent  accidents  in  mines  from  the  pick  being  put  into  the  lamp  in 
consequence  of  the  nearness  at  which  the  lam})  was  placed  to  the  point  of 
work,  to  give  the  necessary  light.  A  lamp  like  Mr.  Swan's,  which  gave 
many  times  the  light  of  a  Davy  lamp,  could  be  kept  at  a  considerable 
distance  from  the  actual  point  of  work  ;  and  also,  in  examining  in  goafs 
and  elsewhere,  it  would  not  be  necessary  to  go  so  near  the  danger  with  a 
lamp  that  showed  a  good  light.  Therefore,  he  agreed  with  Professor 
Merivale,  that  a  good  light  was  very  necessary.  Mr.  Swan  did  not  quite 
answer  his  (the  President's)  question,  which  was,  whether  this  particular 
lamp,  with  a  primary  battery,  gave  a  light  of  2  candle-power  for  ten 
hours,  the  same  as  the  one  with  the  secondary  battery  ? 
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]\Ir,  Swan — Yes. 

The  President — The  same  sized  light  and  length  of  time  as  the 
secondary  one  ? 

^Ir.  Swan — Yes;  it  will  give  very  nearly  the  same  result. 

The  President — As  to  the  primary  battery  lamp,  although  more 
expensive  and  more  difficult  to  manipulate,  there  were  many  places  and 
circumstances  under  whicli  it  could  be  more  generally  used  than  the 
secondary  battery  lamp.  If  the  secondary  lamp  was  used,  the  whole 
colliery  would  have  to  be  worked  upon  the  system;  it  would  require  a 
dynamo,  and  engine,  and  house  properly  arranged.  There  would  l)e  no 
difficulty  in  having  these;  but  the  use  of  the  secondary  lamp  would  have 
to  be  on  a  great  scale.  In  many  cases,  however,  as  for  instance  at  an  explo- 
sion, where  there  was  no  dynamo  at  a  colliery,  the  primary  lamp  could  be 
used.  Mr.  Swan  had  mentioned  various  instruments  which  were  very 
admirable  fi'om  a  scientific  point  of  view,  but  which  they  did  not  find  of 
very  great  practical  benefit  for  detecting  gas.  He  had  made  his  arms  ache 
with  Mr.  Liveing's  apparatus  and  had  never  succeeded  in  detecting  the 
presence  of  gas  better  than  with  a  lamp. 

Mr.  Swan  said,  if  it  was  connected  with  his  lamp  there  would  be 
no  grinding. 

The  President — He  had  also,  with  others,  made  many  experiments 
with  Ansell's  apparatus  without  much  success,  but  he  could  not  say  they 
were  able  to  detect  small  quantities  of  gas  with  the  apparatus.  Possibly 
the  presence  of  gas  might  be  ascertained  by  having  a  number  of  ordi- 
nary, but  specially  safe,  lamps  in  a  pit,  to  be  used  in  conjunction  with 
the  general  use  of  Swan's  electric  safety  lamps.  This,  no  doubt,  would 
be  considered  a  weak  link  in  the  chain  by  some  gentlemen.  He  would 
hardly  think  that.  He  thought  it  would  not  be  a  great  element  of 
danger  if  there  were  a  few  ordinary  safety  lamps,  and  a  large  number 
of  these  safer  electric  lamps.  He  begged  to  propose  a  vote  of  thanks  to 
]\Ir.  Swan. 

Mr,  George  Baker  Forster  said,  he  had  much  pleasure  in 
seconding  the  vote  of  thanks.  He  might  say,  in  regard  to  what  he 
observed  about  the  gas  test,  that,  if  Mr.  Swan  could  add  something  to 
his  lamp  which  would  safely  test  gas,  it  would  do  away  with  his  (Mr. 
Forster's)  objection  on  this  head.  He  did  not  see  any  other  objection  to 
the  lamp.  As  to  their  not  requiring  the  lamp  in  this  district,  he  would  say 
that,  if  they  did  not  require  it,  why  were  they  making  all  the  stir  about 
lamps,  explosions,  and  accidents  in  mines  ?  Of  course,  they  might  not 
require  it  in  their  own  immediate  neighbourhood,  where  they  had  not  so 
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much  gas,  but  there  was  a  necessity  for  it  in  other  parts.  This  Institute 
looked  to  the  whole  kingdom  for  support,  and  therefore,  they  should 
consider  the  question  as  it  affected  all  districts.  He  felt  sure  that  the 
introduction  of  such  a  lamp  would  be  a  very  great  success. 

Mr.  Swan,  in  returning  thanks,  said,  he  had  felt  great  pleasure 
in  bringing  the  subject  before  them ;  and  he  was  much  obliged  to 
them  for  the  kind  way  in  which  they  had  received  it.  He  felt  much 
encouraged  by  the  way  they  had  received  it;  and  he  would  prosecute  his 
experiments  further,  in  the  hope  at  some  time — perhaps,  not  a  very 
distant  time — of  being  able  to  show  them  a  still  further  development  of 
the  lamp. 


The  following  paper,  on  "  A  New  Description  of  Safety  Lamp,"  by 
Mr.  John  Douglas,  was  read  : — 


DOUGLAS  PATENT  SAFKTY  LAMP.  fio 


THE  "DOUGLAS"  PATENT  -AIIXER'S  SAFETY  LAMP. 


By  JOHN  DOUGLAS. 


The  essential  qualities  of  a  safety  lamp  are  :  (1)  Safety  in  gas,  that  is,  it 
should  go  out  amongst  gas  and  should  nut  pass  the  flame,  and  stand  a 
good  current.  (2.)  Brilliancy  of  light,  with  a  good  percentage  of  light 
utilized.  (;l)  It  should  be  so  arranged  that  it  is  impossible  for  workmen 
to  expose  tlie  naked  flame.  These  are  the  three  most  important  qualifica- 
tions, but  besides  those  there  are  other  points,  though  of  less  import- 
ance, which  should  not  be  overlooked,  viz  :  a  lamp  should  be  light,  and  as 
simple  in  construction  as  possible,  witli  few  parts  likely  to  get  out  of 
order,  and  arranged  so  that  it  can  be  easily  cleaned  and  examined. 

"With  these  points  before  him,  the  writer,  some  time  ago,  commenced 
to  construct  a  lamp  to  have  as  many  of  these  good  properties  about  it  as 
possible,  and  he  has  pleasure  in  submitting  the  lamp  as  shown  on  Plate 
VIII,  as  the  result  of  his  labour. 

a  is  the  oil  vessel  into  which  the  wick-pipe  h  is  made  to  screw, 
and  through  which  the  oil  is  filled.  Over  this  wick  -  pipe  a  close 
fitting  tube  c  having  a  flange  upon  it,  called  the  extinguishing  tube,  is 
made  to  slide;  this  flange  is  arranged  so  that  when  the  lamp  bottom  is 
screwed  up  it  has  entered  into  the  glass  holder-plate  d  and  passed  the 
small  automatic  spring  e  by  which  it  is  secured,  so  that  when  an 
attempt  is  made  to  unscrew  the  bottom,  the  extinguishing  tube  is  retained 
in  position  by  the  spring,  which  extinguishes  the  light.  On  the  top  of 
the  oil  vessel  an  upright  piece  of  brass  /  is  ri vetted,  through  the  centre 
of  which  there  is  a  hole,  into  which  an  ordinary  screw  lock  g,  having  a 
square  head,  is  made  to  enter.  The  glass  holder -plate  d,  which  carries 
the  glass  /,  screws  into  the  bottom  part  of  the  top  of  the  lamp  h.  On 
the  top  of  the  glass  rests  the  horizontal  flange  of  the  chimney  o,  a  plan  of 
which  is  shown  in  Fig.  -i,  and  on  this  again,  between  the  glass  and 
the  top  rim  of  lamp  Ic,  rests  the  gauze  cylinder  h  The  top  and 
bottom  rims  of  lamp  li  and  Ic  are  held  together  by  the  four  pillars  m. 
These  pillars  also  secure  the  cylinder  n  which  surrounds  the  gauze.  The 
top  of  this  cylinder  of  brass  or  sheet  steel  is  covered  by  a  brass  cap,  to  which, 
again,  is  attached  the  necessary  ring  for  carrying  the  lamp.  The  ventila- 
tion of  the  lamp  will  be  understood  by  the  arrows  shown  on  the  plate. 

The  lamp  is  arranged  to  burn  colzaline  oil,  which  the  writer  prefers 
on  account  of  its  illuminating  power  being  greater  than  that  of  other  oils, 
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aud  also  because  it  makes  less  smoke.  In  the  oil-vessel  is  a  sponge 
which  is  saturated  with  the  oil,  the  superfluous  colzaline  being  poured  back 
again.  This  will  give  a  good  working  light  for  at  least  ten  hours.  It  will 
be  observed  that  no  evaporation  can  escape  except  through  the  wick-pipe. 

The  lamp  goes  out  in  a  bath  of  gas;  and  although  it  has  been  tried  at 
Pelton  Colliery  in  an  explosive  mixture  at  various  velocities,  it  has  never 
caused  an  external  explosion.  The  current  of  air  necessary  to  blow  it 
out  has  not  been  ascertained,  the  writer  not  being  able  to  find  a  current 
strong  enough,  A  current  of  80  feet  per  second  only  causes  the  flame  to 
waver  slightly. 

With  regard  to  its  illuminating  power,  an  average  of  several  photo- 
metrical  tests  shows  that  it  takes  1'83  of  these  lamps  to  equal  a  sperm 
candle,  six  to  the  pound,  and  the  percentage  of  light  utilized  to  be  95. 

The  weight  of  the  lamp  is  2i  lbs.  Its  construction  is  simple  and  not 
at  all  complicated,  there  being  only  six  pieces. 

GAS  TESTS. 

Particulars  of  experiuients  made  at  Pelton   Colliery,   Novenil)er  17,   1885,  with  the 
•'  Douglas"  Lamp,  in  the  presence  of  Mr.  Hy.  Henderson. 


LAMP. 

Velocity 
in  feet 

per 
second 

REMARKS- 

Davy 

Douglas... 
Do. 

Davy 

Douglas... 

Do. 

Davy 

Douglas.. 

Davy 

Douglas... 

n 

91 

lid 

lU 

15i 
15i 

Fired  gas  outside  in  6  seconds. 
Went  out  entirely  in  5  seconds. 

Flame  went  out  in  3   second;^,  but  gas  burned  inside  175 
seconds,  when  supply  was  cut  off.     Lamp  inclined  to 

current  thus  ^ ^  \\ 

Fired  gas  outside  in  2\  seconds. 

Flame    «ent    out    in    5    seconds.      Gas   burned    inside    18 
seconds  longer,  then  went  out  entirely.     Lamp  inclined 

to  current  thus  ^^^;:> ^  Vv 

Flame  went  out  in  3  seconds.     Gas  burned  ni-ide  40  seconds 
longer,  then  went  out  entirely.     Lamp    inclined  frcnn 

Fired  gas  outside  in  2^  seconds. 

Flame  went  out  in  6  seconds.    Gas  burned  inside  80  seconds 

longer,  then   went  out  entirely.     Lamp  inclined  from 

current  thus".^ ^   // 

Fired  gas  outside  in  5  seconds. 

Flame  only  slightly  affected  by  the  gas;  not  even  an 
internal  explosion.  Lamp  in  test  5  minutes,  then  ex- 
periment discontinued.  I^amp  inclined  from  current 
thus  ^ >  // 

Vol. Any  PLATuym 


7b  iLUistnde  M'\/ Doucflo^t' piyaer  'VrvoyrieM'  desc^xpUorty  ofSa/e^Lcunp. 


Scale  i  Size 


Plan  at  A.  B. 


Plan  of 
Chimney   Flange. 
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Tlie  President  said  that  the  paper  dealt  with  a  subject  of  much 
interest,  to  which  great  attention  had  been  given  for  some  time  past.  He 
hoped  the  consideration  of  it  w^ould  end  in  their  nltimately  obtaining 
a  good,  safe  hnnp. 

Professor  Lebour  asked,  what  was  colzahne  ? 

IMr.  Douglas  said  he  expected  it  was  a  mineral  oil ;  but  the  ingre- 
dients he  conld  not  remember.  It  was  the  same  kind  of  oil  that  is  burnt 
in  the  Protector  lamp. 

Professor  Hersciiel  asked,  in  what  manner  the  lighting  would  take 
place  if  the  flame  was  extinguished  ? 

The  Secretary  said,  a  little  catch  was  withdrawn,  and  the  tube 
came  out.  Before  lighting  the  lamp  the  tube  was  put  over  the  wick,  wliich 
is  then  lighted.  "Wlien  the  lamp  is  in  its  place,  the  little  spring  goes  for- 
ward and  catches  the  rim  of  the  tube,  and  prevents  it  from  falling  down. 

Mr.  Ryder  said,  that  colzaline  was,  so  far  as  he  knew,  benzoline 
deodorised,  and  sold  in  this  country  for  spirit  lamps.  Colzaline  was  the 
"trade  name"  of  it,  as  it  was  sold  in  this  country.  It  is  a  volatile  spirit, 
and  is  also  produced  in  Scotland  from  shale,  at  two  or  three  mines;  and 
produced  during  the  manufacture  of  the  mineral  colza  oils  for  lubricating 
purposes,  and  paraffin  for  paraffin  candles. 

The  President  proposed  a  vote  of  thanks  to  Mr.  Douglas  for  his 
paper,  which  was  unanimously  carried. 


The  following  paper  on  "  An  Improved  Levelling  Staff  for  Under- 
ground Work,"  by  Mr.  R.  Linsley  was  read: — 
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By  R.  LINSLEY. 

The  best  construction  of  speaking  levelling  staff  for  use  in  mines  is 
an  oft-mooted  point.  For  use  in  restricted  positions  several  details  must 
be  attended  to.  The  staff  must  pack  together  in  a  simple  manner  for 
carrying,  and  be  of  a  suitable  length  for  the  seam  in  which  it  is  intended 
to  be  used,  although,  generally  speaking,  (5  to  7  feet  is  ample  wlien  the 
staflF  is  extended  ;  thus  3^  or  4  feet  for  the  bottom  part  of  the  staff  is 
usually  sufficient  to  meet  the  requirements  of  the  surveyor  in  this 
northern  district. 

The  arrangement  of  the  improved  staff,  which  has  recently  been 
brought  out  by  Mr.  Jas.  R.  Linsley,  the  surveyor  at  Cramlington  Colliery, 
consists  in  the  use  of  a  tape  coiling  on  a  spring  drum,  fixed  on  the  top 
end  of  the  sliding  staff,  the  lower  end  of  the  tape  being  attached  to  the 
top  of  the  main  staff ;  the  figures  and  divisions  are  painted  on  the  tape 
the  same  as  on  the  staff,  and  whatever  the  height  from  thill  to  roof,  the 
reading  of  the  staff  is  continuous. 

The  utility  of  the  improvement  is  very  obvious  to  those  acquainted 
with  the  difficulties  experienced  when  conducting  levellings  in  mines ; 
thus  if  the  ordinary  staff  is  found  to  be  too  long,  and  unable  to  stand 
vertical  (when  extended),  the  top  rod  has  to  be  set  at  a  foot,  or  two  feet 
division,  as  the  height  of  seam  or  roadway  may  allow,  and  this  has  to 
be  allowed  for  when  booking  the  readings :  there  is  thus  a  constant 
liability  to  error. 

It  is  a  very  tiring  job  for  the  man  to  hold  the  staff  vertical  and 
steady  with  one  hand  whilst  holding  a  light  fnr  the  surveyor  to  take  the 
reading  with  the  other  hand  ;  but  the  improved  staff  is  simply  fixed  on 
the  thill  or  rail,  then  by  pushing  up  the  sliding  rod  against  the  roof, 
where  it  stands  until  the  reading  is  booked,  the  man  resting  on  his  knee 
to  hold  the  light  can  read  the  staff  with  a  much  greater  degree  of  comfort 
than  with  the  old  form. 


The  following  paper  on  "  The  Loss  of  Life  in  Coal  Mines,"  by  Mr. 
W.  J.  Bird,  was  read  : — 
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Coal  niiniug  occupies  no  fewer  thwi  020,370*  workmen,  or,  taking- 
four  to  each  head  of  a  family,  i)rovi(les  for  2,081,504:  persons  out  of 
31,028,970,t  which  was  the  population  of  England,  Scotland,  and  Wales 
in  1884  ;  or  about  one-fifteenth  of  the  total  number  of  inhabitants. 

The  employment  of  this  large  number  of  persons  is  regulated  by  the 
Mines  Regulation  Act  of  1872,  which  apphes  to  mines  of  stratified  iron- 
stone, mines  of  shale,  mines  of  fire-clay,  as  well  as  to  coal  mines.  Coal 
mines  proper  contribute  the  great  bulk  of  the  production  obtained  under 
its  provisions.  The  "output"  of  each  mineral  in  1884  being:  Coal, 
160,757,779  tons;  fire-clay,  2,053,1)27  tons  ;  ironstone,  10,412,443  tons  ; 
shale,  &c.,  1,G48,100  tons.  This  is  the  largest  production  on  record, 
except  that  of  1883,  which  was  :  Coal,  163,737,327  tons  ;  fire-clay, 
2,189,452  tons  ;  ironstone,  11,495,401  tons  ;  and  shale,  1,341,210  tons. 

In  the  Inspectors'  reports  the  accidents  in  coal  mines  are  classified 
under  five  heads  : — 

1.  Explosions  of  fire-damp,  including  explosions  arising  from,  or 
aggravated  by,  the  presence  of  coal  dust. 

2.  Accidents  from  stone  or  coal  falling  from  the  roof  or  sides. 

3.  Accidents  in  shafts,  which  may  be  caused  by  ropes  or  chains 
breaking,  over-winding,  things  falling  down  the  shaft,  mistakes  in 
signalling,  break-down  of  machinery,  &c. 

4.  Miscellaneous  accidents  underground.  These  are  very  various, 
comprising  such  as  explosions  of  gunpowder  or  dynamite  (used  in  blast- 
ing), inundations  of  water,  accidents  on  inclined  planes  or  roads  by 
trams  or  tubs,  by  machinery,  fire,  &c.  Loss  of  life  from  choke-damp  or 
carbonic  acid  gas  (when  not  produced  by  fire-damp  explosion)  is 
included  under  this  heading,  the  most  notable  case  being  the  disaster  at 
Hartley  Colliery  in  1862,  when  the  pumping  engine  beam  fell  down  the 
shaft,  and  shut  off"  the  miners  from  access  to  air,  causing  over  200  deaths 
by  suflFocation. 

5.  Miscellaneous  accidents  at  the  surl'ace  are,  strictly  speaking,  not 
due  to  any  conditions  existing  in  the  mines,  and  comprise  accidents  from 

*  Taken  from  the  Mines  Inspectors'  Reports  for  1881,  which  inchule  men  employed 
in  getting  "coal,  tire-clay,  ironstone,  oil  shale  and  other  minerals." 
t  See  Statistical  Abstract  188-4.  page  1G7. 
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waggons,  boiler  explosions,  and  machinery  at  the  surface  of  the  mine. 
They  are  always  included  in  the  Inspectors'  reports. 

Sudden  deaths  from  natural  causes,  such  as  heart  disease,  apoplexy, 
&c.,  occur  sometimes  in  mines,  but  these  are,  of  course,  excluded,  as 
being  in  no  way  due  to  accident. 

Statistics  of  fatal  accidents  and  deaths  resulting  therefrom  go  back  as 
far  as  1851,  and  Table  I  shows  the  total  number  of  deaths  caused  by 
these  accidents  in  coal  mines  ;  Table  II.  gives  a  classification  of  them  for 
each  year  from  1851  to  1884  ;  the  number  of  persons  employed  in  the 
mines  being  also  stated  for  each  year  : — 

TABLE  L 

Fatal  Accidents  during  the  THiiiTY-Forii  Yeaks,  1851  to  1884. 


Total  Number 

Total 

Proportion  of 

Proportion  of 

of  Separate 

Number  of 

Fatal  Accidents 

Deaths  to 

Accideuts. 

Deaths. 

to  Total. 

Total. 

Explosion   of  Fire-damp,  with 

fatal  consequences... 

1,930 

7,959 

6-9 

22-3 

Falls  of  roof  or  sides,  with  fatal 

results 

13,842 

14,307 

49  2 

39-6 

Accidents  in  Shafts     ... 

4,739 

5,390 

16-9 

14-9 

Miscellaneous    fatal    accidents 

underground 

5,136 

5,861 

18-3 

16-2 

Miscellaneous   fatal    accidents 

aboveground 

2,450 

2,552 

8-7 

7-0 

28,097 

36,069 

100-0 

100-0 

This  table  shows  that  accidents  caused  by  falls  of  roof  or  side 
account  for  the  greatest  number  of  deaths  in  coal  mines.  The  accidents 
from  explosions  are  brought  most  prominently  before  the  pubhc  notice, 
and  it  is  often  supposed  that  these  are  the  main  cause  of  the  loss  of  life. 
Undoubtedly  explosions  involving  great  loss  of  life  do  occur  ;  but 
accidents  from  other  causes,  which  seldom  result  in  more  than  one  death 
from  each  accident,  occur  very  frequently  without  attracting  attention 
beyond  the  immediate  locality.  Taking  the  entire  period  of  thirty-four 
years,  1851-84,  the  following  facts  may  be  noticed  : — 

At  first  sight,  looking  only  at  the  number  of  deaths  year  by  year,  it 
would  seem  that  no  progress  in  the  diminution  of  the  loss  of  life  has  been 
made.  But  it  must  be  taken  into  account  that  during  that  period  the 
production  of  the  mines  has  been  trebled,  and  the  number  of  persons 
employed  more  than  doubled.  The  Inspectors'  reports  show  the  number 
of  persons  employed  in  proportion  to  each  death,  and  also  quote  the 
number  of  tons  of  mineral  raised  per  life  lost.  Considering,  however, 
that  in  the  Registrar-General's  returns  for  the  United  Kingdom,  the 
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mortality  from  all  causes  (natni-al  and  violent)  is  tabulated  as  per  1000 
inhabitants  per  annum,  it  would  be  more  convenient  for  comparison  that 
the  mortality  from  accidents  in  coal  mines  should  also  be  stated  as  per 
1000  persons  employed  per  annum.  The  figures  in  Table  11.  are  worked 
out  in  this  way,  and  Table  TIL  shows  the  annual  mortality  per  1000 
persons  employed  in  mines  under  the  Coal  Mines  Regulation  Act,  the 
accidents  being  classified  as  before. 


TABLE  II. 


TABLE  III. 


Number  of  Deaths. 

Annual  Mortality  per  1,000. 

Average. 
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§ 

09 
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a 
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Persons 
Employed. 

1 
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a 

-w 

^ 

+ 

- 

1851 

321 

327 

219 

73 

44 

984 

216217 

1-49 

1-51 

1-02 

0-34 

0-20 

4-56 

1-68 



1852 

264 

349 

209 

116 

48 

986 

222843 

1-18 

1-57 

0-94i  0-52 

0-22 

4-43 

1'55 

— 

1853 

214 

370 

236 

94 

43 

957 

229468 

0-94 

1-62 

101'  0-41 

0-19 

417 

1-29 

— 

1854 

210 

389 

290 

99 

57 

1045 

236094 

0-89 

1-66 

1-23  0-42 

0-24 

4-44 

1-56 

— 

1855 

146 

407 

229 

127 

46 

955 

242719 

0-61 

1-68 

0-94  0-52 

0-19 

3-94 

1-06 

— 

1856 
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216 

114 

61 

1027 
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0-94 

1-60 

0-86  0-45 

0-24 

4-09 

1-21 

— 

1857 
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141 

54 
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255971 

1-48 

1-45 

0-69  0-55 

0-21 

4-38 

1-50 

— 
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38 
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262596 

0-82 

1-40 
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0-14 

3-55 

0-67 

— 
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95 
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60 
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54 
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427 
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70 
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0-58 
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— 
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52 
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56 
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94 
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69 
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86 
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78 
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86 
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— 
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538829 

0-31 

0-76 

0-29 

0-40 

0-20 

1-96 

— 

0-92 

1875 

288 

459 

172 

227 

98 

1244 

535845 

0-54 

0-86 

0-32 

0-43 

0-18 

2-33 

— 

0-55 

1876 

95 

449 

129 

149 

111 

933 

514532 

0-18 

0-87 

0-25 

0-29 

0-22 

1-81 

— 

1-07 

1877 

345 

448 

129 

187 

99 

1208 

494391 

0-70 

0-91 

0-26 

0-38 

0-20 

2-45 

— 

0-43 

1878 

586 

469 

111 

161 

86 

1413 

475329 

1-23 

0-99 

0-24 

0'31 

018 

2-98 

0-10 

— 

1879 

184 

426 

120 

172 

71 

973 

476810 

0-39 

0-89 

0-25 

0-36 

0-15 

2-04 

— 

0-84 

1880 

499 

462 

91 

178 

88 

1318 

484933 

103 

0-95 

019 

0-37 

0-18 

2-72 

— 

0-lC 

1881 

116 

450 

110 

190 

88 

954 

495477 

0-23 

0-91 

0-22 

0-38 

0-18 

1-92 

— 

0-96 

1882 

250 

468 

116 

208 

84 

1126 

503987 

0-50 

0-93 

0-23 

0-41 

0-17 

2-24 

— 

0-64 

1883 

134 

469 

97 

246 

108 

1054 

514933 

0-26 

0-91 

019 

0-48 

021 

2-05 

— 

0-83 

1884 
Totals. 

65 

482 

88 

213 

94 

942 

520376 

0-12 

0-93 

017 

0-41 

0-18 

1-81 

— 

107 

1851-60 

2441 

3767 

2119 

1186 

505 

10018 

2460322 

0-99 

1-53 

0-86 

0-49 

0-21 

4-07 

119 

— 

1861-70 

2267 

4163 

1505 

1916 

775 

10626 

3192405 

0-71 

1-31 

0-47 

0-60 

0-24 

3-33 

0-45 

— 

1871-80 
1851-72 

2686 

4508 

1355 

1902 

898 

11349 

4821837 

0-56 

0-93 

0-28 

0-39 

0-19 

2-35 

— 

0-53 

5131 

8821 

3902 

3195 

1430 

22779 

Aver-  \ 
ages.  1 

0-80 

1-37 

0-61 

0-54 

0-22 

3-54 

0-66 



1873-84 
1851-84 

2828 

5486 

1488 

2366 

1122 

13290 

0-47 

0-90 

0-25 

0-39 

0-18 

219 

— 

0-69 

7959 

14307 

5390 

5861 

2552 

36069 

0-64 

114 

0-43 

0-47 

0-20 

2-88 

— 

— 

VOL.  .\X.'iV.-1885. 
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The  last  columu  iu  this  table  shows  the  mortahty  iu  each  year  as  compared 
with  the  average  of  the  thirty-four  years. 

From  this  table  it  will  be  seen  that  the  mortahty  in  coal  mines  has 
decreased  iu  all  the  different  classes  of  accidents.  Comparing  the 
twenty-two  years,  1851-1872,  as  the  years  previous  to  the  Coal  Mines 
Regulation  Act,  and  the  twelve  years  1873-1884,  as  the  years  since  the 
Act,  the  following  differences  are  shown  : 

In  accidents  from  explosions  the  average  annual  mortality  for  the 
thirty-four  years  is  0-04  per  1000,  and  it  has  decreased  from  0*80  before 
the  Act  to  0"47  since,  a  reduction  of  41  per  cent. 

In  accidents  from  falls  the  mortality  for  the  whole  period  averages 
1'14  per  1000.  It  has  decreased  from  1"37  before  the  Act  to  0-90  since, 
a  reduction  of  34  per  cent. 

In  shaft  accidents,  the  mortality,  averaging  0'43  per  1000  for  the 
thirty-four  years,  has  fallen  from  0"G1  before  the  Act  to  0'25  since,  a 
reduction  of  59  per  cent. 

In  miscellaneous  underground  accidents,  the  mortahty  of  0*47  for  the 
whole  period,  has  decreased  from  0-54  before  the  Act  to  0'39  since,  a 
reduction  of  26  per  cent. 

In  miscellaneous  surface  accidents,  the  mortality,  which  is  on  the 
whole  period  0-20  per  1000,  has  fallen  from  0-22  before  the  Act  to  0-18 
since,  a  reduction  of  18  per  cent. 

On  the  total  number  of  accidents,  from  all  causes,  the  mortality  is 
2*88  per  1000  on  the  whole  period,  and  it  has  fallen  from  3*54  per  1000 
before  the  Act,  to  2*19  per  1000  since,  a  reduction  of  34  per  cent. 

It  is  evident,  when  comparing  the  mortality  in  decades  of  years,  as 
shown  in  Table  III.,  that  the  decrease  of  mortality  has  been  going  on, 
more  or  less,  throughout  the  period  ;  it  is  only  more  accentuated  since  the 
passing  of  the  Coal  Mines  Regulation  Act.  As  this  Act  was  based 
upon  the  rules  and  practices  in  force  at  the  best  regulated  mines,  where 
improvements  were  first  introduced,  it  is  to  be  expected  that  the 
mortality  would  show  some  decrease  with  the  gradual  adoption  of  these 
improvements.  The  Act  itself  was  no  advance  on  the  regulations  in 
force  at  the  best  managed  mines  ;  what  it  aimed  at  was  to  compel  the 
introduction  of  efficient  regulations  and  improved  management  in  all 
mines,  and,  judging  from  the  results  shown  in  the  preceding  comparison, 
it  can  hardly  be  doubted  that  it  has  been  successful. 

As  might  be  expected  from  the  various  conditions  existing  in  each 
district  the  mortality  from  accidents  varies  very  much.     Table  IV,  shows 
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the  nuiiibei'  of  persons  employed,  the  uumber  of  deaths,  and  the  mortahty 
per  1,000  m  each  separate  district  of  the  United  Kingdom  for  the  years 
1883  and  1884. 

TABLE  IV. 


DlSTllICT. 


Nortluiiuherlaiid,  Cumberland,  and  North 

Diii'liani 
South  Durham  and  Wcstinorehiud 
North  Riding' aud  Clevchiiid 
North  and  East  Lancashire  ...         \.. 

Irchuid 

West  Lancashire  and  North  Wales 
Yorkshire     ... 
Lincolnshire 

Derby,  Leicester,  Notts,  and  Warwick  ... 
North  Stafford.  Clieshirc,  and  Shropshire 
South  Stafford  and  Worcestershire 
Monmouth,  Somerset,  part  of  Glamorgan, 

and  Brecon 
South  Wales 
East  Scotland 
West  Scotland 


Employed. 

Ceaths. 

Annual  Mortality 
per  1,000. 

1883. 

1884. 

1883. 

1884. 

1S83. 
1-45 

1£84. 
126 

Av. 
1-36 

4-9  782 

52,306 

72 

66 

57.077 

56,575 

G5 

74 

1-14 

131 

1-23 

8.243 

7,050 

30 

12 

3-64 

1-70 

2-67 

32,4G0 

31,yi9 

13G 

67 

4-27 

210 

3-15 

972 

925 

1 

1-03 

0-52 

41,720 

41,905 

83 

91 

1-99 

2-17 

2-08 

63.248 

64,016 

108 

97 

1-71 

1-52 

1-62 

140 

130 

1 

714 

3  57 

52,118 

53,278 

74 

55 

1-42 

103 

1-23 

24,G89 

23,277 

47 

48 

1-90 

2-06 

1-98 

23,782 

23,816 

59 

52 

2-48 

2-18 

2-33 

33,759 

34,945 

68 

71 

2-02 

203 

203 

58,495 

60,779 

180 

174 

3-08 

2-87 

2-98 

43.606 

45.082 

87 

95 

2-00 

211 

2-06 

24,836 

24,343 

43 

1054 

40 
942 

1-73 
205 

1-64 
1-81 

1-69 
1-93 

514,933 

520,376 

From  this  table  it  will  be  observed  that  the  mortality  in  the  North 
of  England,  Derby,  and  Notts  districts  is  considerably  below  the  average. 
In  Yorkshire  and  West  Scotland  the  mortality  is  slightly  under  the 
average.  It  is  near  the  average  in  West  Lancashire,  North  Wales, 
Monmouthshire,  Somersetshire,  and  East  Scotland  districts.  It  is  above 
the  average  in  South  StaflFordshire  and  Worcestershire,  more  so  in  North 
and  East  Lancashire  ;  and  is  highest  in  South  Wales.  Cleveland  and 
Lincolnshire  being  ironstone  districts  only  are  not  included  in  this 
comparison. 

The  Inspectors'  records  of  accidents  appear  at  first  sight  to  be  based 
on  the  supposition  that  minei's  can  only  die  from  accident,  and  entirely 
omit  the  mortahty  fi'om  other  causes  that  the  Registrar's  returns  show  is 
constantly  going  on  in  their  midst. 

When  the  usual  death-rate  is  taken  into  account,  the  somewhat 
formidable  array  of  figures  given  in  the  tables  is  very  materially 
modified.     See  Table  V. 

For  instance,  the  average  mortality  over  all  England,  Scotland,  and 
Wales,  in  1884,  was  19'58  per  1,000  persons,  so  that  in  this  year  some 
10,699  miners  might  be  expected  to  die  from  natural  causes.     If  to  these 
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TABLE    V. 


Persons 
Engaged  in 
Mining  per 

1,000  of 
Population 


Mining  Districts. 


43 


121 


18 


21 


21 


27 


20 


England  &  Wales Total 

Deduct  killed  in  mines. . 


Due  to  accidents  in  mines. 

Newcastle Total 

Killed  ill  mines , 


Due  to  accidents  in  mines. 

Dukham Total 

Killed  in  mines , 


Due  to  accidents  in  mines.. 

Manchester  Total 

Killed  iu  mines 


Due  to  accidents  in  mines.. 

Liverpool  Total 

Killed  in  mines 


Due  to  accidents  in  mines. 

Yorkshire Total 

Killed  in  mines 


Due  to  accidents  iu  mines. 

Midland Total 

Killed  in  mines 


Due  to  accidents  iu  mines.. 

Staffordshire  (N.)... Total 
Killed  iu  mines 


Due  to  accidents  in  mines.. 


Population. 
1883-1884. 


27,132,449 


1,151,198 


473,143 


1,742.857 


1,936,537 


3,023,501 


1.882,017 


1,236,415 


Deaths. 


1883. 


522.997 
923 


522,074 


25,064 
72 


24,992 


9,466 
65 


9,401 


40,698 
136 

40.562 


44,(530 
83 


44,547 


61,940 
109 


61,831 


1884. 


531,951 

807 


531,144 


24,950 
66 


24,884 


9,028 

74 


8,954 


42,153 
07 


42.086 


45,947 
91 


45,856 


63,733 

97 


63,636 


37,417 
74 


37,343 


24,565 

47 


24,518 


38,952 
55 


38,897 


24,216 
48 


24,168 


Annual  Mortality 
per  1,000. 


1883. 


19-27 


19-24 


-03 

21-77 

21-71 


•06 
20-01 

19-88 

•13 

23-35 

23-27 

•08 
2305 

23-01 


-04 
20-49 

20-45 


-04 

19-88 

19-84 


-04 
19-87 

19-83 
-04 


1884.       age. 


19-60 


19-57 


•03 
21^68 

21^62 


•06 
1909 

18-93 

•16 

24-18 

2414 

•04 

23-73 

23^68 


•05 
2108 

21-05 


•03 

20^70 

2067 


•03 
19-59 

19-55 
-04 


19-44 


19^41 


-03 
21-72 

21-67 


•05 
19-55 

19-40 


-15 
23-77 

23-71 

-06 

23-39 

23-34 

-05 

20-78 

20-74 


•04 
20-28 

20-25 


-03 
19-73 

19-69 


-04 
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TABLK 

v.— Continued. 

Persons   ' 
Engaged  iu 
Mining  per 

1,000  of    1 
Population! 

Miuing  Districts. 

Population. 
1883-188J. 

Deaths. 

Annual  Mortality 
per  1,000. 

1883. 

1884. 

1883. 

1884. 

Aver- 
age. 

20-44 
20-39 

22 
16 
81 
32 
21 
20 

Staffordsiiiue   (S.). ..Total 
Ivillod  iu  luiuos        

1,041,186 
2,091,825 
719,980 
1,352,014 
1,202.871 
'  30,998,970 

21,073 
59 

21.492 
52 

20-24 
20-19 

20-64 
20-60 

Due  to  accidents  in  mines.. 

South  Westkrn-    Total 

Killed  ill  mines 

21,014 

38,858 
68 

21,440 

37.901 
71 

•05 
18-57 

18-54 

•04 
18-12 

18-08 

•05 
1835 

18-31 

Due  to  accidents  in  mines.. 

Wales  (South) Total 

Killed  in  mines  

38,790 

15,076 

180 

37,830 

15,041 
174 

-03 

20-94 

20-69 

•04 
20^89 

20^65 

-04 
20-91 

20-67 

Due  to  accidents  in  miixes.. 

ScoTLAXD  (East)   Total 

Killed  in  mines               

14,896 

28,827 
87 

14,867 

28,454 
95 

28,359 

26,274 
40 

•25 
21-32 

21-26 

•24 
21-05 

20-97 

-24 
21-18 

21-11 

Due  to  accidents  in  mines.. 

Scotland  (West) Total 

Killed  in  mines  

28,740 

27,126 
43 

•06 
22-55 

22-51 

-08 
21-84 

21-80 

•07 
22^19 

22-15 

Due  to  accidents  in  mines.. 

Great  Britain Total 

Killed  in  mine-; 

27,083 

548,941 
1,053 

26,234 

607,079 
942 

-04 
19-32 

19-28 

•04 
19-58 

19-55 

•04 
19^45 

19-42 

Due  to  accidents  in  mines.. 

597,888 

606.137 

•04 

•03 

•03 

be  added  the  1)42  pevsous  who  met  with  their  deaths  while  employed 
about  the  mines,  the  19"58  deaths  per  1,000  is  increased  to  21"39,  and  the 
extra  rate  for  persons  in  and  about  mines  is  1'81  per  1,000  more  than 
the  average  niunber  of  deaths  in  all  Great  Britain. 

If  the  total  mining  population  of  2,081,504  persons  is  taken  into 
account,  then  40,750  deaths  per  annum  might  be  expected  ;  and  if  the 
94:2  accidental  deaths  be  added  to  this,  the  death-rate  is  increased  from 
19'58  to  2O'08  per  1,000,  the  increased  risk  of  a  thorouglily  mining 
population  being  only  •45  deaths  per  1,000. 
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If  this  mode  of  viewing  the  subject  be  applied  to  the  whole  population 
of  Great  Britain,  it  will  be  seen  that  the  pursuits  of  one-fifteenth  of  the 
population  supported  by  mining  only  contribute  'OS  deaths  per  1,000  of 
the  whole. 

To  a  strictly  mathematical  mind  the  results  given  in  Table  Y.  are 
open  to  criticism,  inasmuch  as  the  number  of  men  killed  by  accidents  are 
added  to  those  who  die  from  the  mass  of  which  they  form  a  part,  but  it 
may  be  taken  for  certain  that  many  of  those  who  were  killed  would  have 
died  during  the  year  from  the  various  causes  unconnected  with  mining 
which  swell  the  Registrar's  returns.  This  cause  of  error,  if  eliminated  by 
some  Insurance  Accountant,  would  still  further  diminish  the  deaths  per 
1,000. 

The  writer  hopes  that  this  mode  of  considering  the  subject  may  be 
useful  in  showing  the  true  proportions  of  a  loss  of  life  which,  little  as  it 
may  be,  it  is  hoped  may  be  still  further  reduced  in  the  near  future. 


The  President  said,  that  Mr.  Bird's  paper  was  one  of  considerable 
interest,  but  it  was  more  a  paper  for  reference  than  discussion.  He 
proposed  a  vote  of  thanks  to  Mr.  Bird,  which  was  unanimously  responded 
to,  and  the  meeting  separated. 
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GKNERAL  MKETING,  SATURDAY,   FEBRUARY  ISrit,  188(5,  IX  THE  WOOD 
MEMORIAL  HALL.  NEWCASTLE-UPON-TYNE. 


JOHN    DAGLISH,  Esq.,  President,  ix  the  Chair. 


The  Skcretary  read  the  minutes  of  the  previous  meeting,  and 
reported  the  proceedings  of  the  Council. 

The  following  gentlemen  were  elected,  having  been  previously 
nominated : — 

Associate  Member — 
Mr.  J   J.  C.  Allison,  Hedley  Hill  Colliery.  Waterhouses,  Durham. 

Student — 
Mr.  Frank  K.  Sykes,  Esh  Colliery,  Durham. 


The  following  gentlemen  were  nominated  for  election  : — 

Ordinary  Members — 

Mr.  John  Davis,  Hartley  House,  Coundon. 

Mr.  Robert  Knowles,  Arncliffe,  Cheetham  Hill,  Manchester. 

Associate  Members — 

Mr.  Alfred  H.  Bennett.  Dean  Lane  Collieries,  Bedminster,  Bristol. 
Mr.  Robert  Michael  Brown,  Norwood  Colliery,  Darlington. 


The  following  paper  by  ilr.  Edward  H.  Liveixg  on  "Transylvanian 
Gold  Mining,"  was  read  : — 
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Br  EDWARD    H.    LIVEING. 


The  writer  having  recently  resided  for  some  mouths  in  Transylvania, 
trusts  that  the  following  brief  notes  on  the  gold  mining  industry  of  that 
district  may  be  of  interest  to  some  members  of  the  Institute. 

Transylvania,  or  Siebenbiirgen,  forms  the  most  eastern  province  of 
the  present  Austro-Hungariau  empire.  It  is  bounded  on  the  south  and 
east  by  Roumania,  and  on  the  west  by  Hungary  proper.  That  portion 
of  Transylvania  that  lies  between  the  towns  of  Klausenburg,  Karlsburg, 
and  Deva,  or  say,  between  the  4()th  and  -iTth  parallel  N.  lat.,  and  the 
22nd  and  24th  E.  long.,  is  commonly  called  the  Transylvanian  Erzgebirge 
(see  Plate  IX.) ;  it  has  long  been  known  for  its  mineral  wealth,  and 
particularly  for  its  gold  mines,  which  are  still  the  most  productive  in 
Europe. 

The  district  is  a  mountainous  one,  several  of  the  hills  exceeding 
4,000  feet  in  height.  It  is  intersected  by  numerous  valleys,  chiefly  those  of 
tributaries  of  the  rivers  Maros  and  Koros,  whose  waters  finally  join  the 
Danube.  The  hills  are  largely  covered  with  forests,  and  agriculture  is 
carried  on  to  a  very  limited  extent. 

GEOLOGICAL    STRUCTURE. 

The  geological  structure  of  this  district  is  somewhat  varied.  In  the 
north  is  a  large  area  of  granite,  surrounded  by  metamorphic  schists, 
crystalline  limestones,  and  other  altered  rocks  ;  but  in  the  central  portion 
of  the  district  the  greater  part  of  the  hills  are  formed  of  rocks  of  Eocene 
and  of  Neocomian  ages.  Amongst  these  are  several  large  masses  of 
eruptive  rock,  some  of  trachytic,  and  others  of  basaltic  character,  besides 
extensive  beds  of  tuff,  which  in  places  become  coarse  volcanic  breccias. 

The  gold  (except  that  which  occurs  in  the  gravels)  is  always  found 
associated  with  these  eruptive  rocks.  It  occurs  in  veins  which  are,  for 
the  most  part,  small,  rarely  exceeding  a  foot  in  thickness,  and  more 
commonly  only  a  few  inches,  or  even  fractions  of  an  inch.  In  the  neigh- 
bourhood of  Verespatak  these  veins  arc  very  numerous,  as  many  as  a 
hundred,  of  more  or  less  distinct  character,  l)eing  cut  by  a  single  drift 
(the  8t.  Kereszt  adit)  in  this  district.    They  here  traverse  a  mass  of  quartz 
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trachyte,  which  passes  in  parts  into  a  tuff  or  breccia  of  a  pecnharly  porous 
and  decomposed  character,  and  having  crystals  of  iron  pyrites  disseminated 
throughout  the  mass.  The  veins  are  exceedingly  irregular,  both  in  thick- 
ness and  extent,  and  even  more  so  as  regards  their  gold-bearing  character. 
The  gold  occurs  in  the  veins  either  alone  or  associated  with  quartz,  calcite, 
iron  pyrites,  copper  pyrites,  zinc  blend,  galena,  and  fahlerz  ;  more  rarely 
with  rhodonite  and  ruby  silver,  and  at  Nagyag  and  OfPenbanya  with 
tellurium,  forming  the  rare  minerals  Nagyagite  and  Sylvanite  (foliated 
and  graphic  tellurium).  The  gold  is  often  also  disseminated  in  minute 
particles  through  the  rock  itself,  so  that  the  stone  may  be  worth  removal 
and  treatment  for  many  feet  on  either  side  of  the  vein.  This  is  par- 
ticularly the  case  where  the  rock  is  of  the  porous  character  above- 
mentioned,  and  also  in  places  where  important  intersections  of  veins 
occur.  At  such  points  large  excavations,  or  "  stock"  works,  are  frequently 
made  in  the  mines. 

The  gold  is  often  found  beautifully  crystallized  in  hollow^s  in  the  veins, 
sometimes  in  regular  octohedra,  at  others  in  leafy  and  filamentary  forms. 
Some  of  the  specimens  from  the  Verespatak  neighbourhood  are  exceed- 
ingly remarkable.  The  gold  from  the  whole  district  is  considerably 
alloyed  with  silver,  much  more  so  than  is  Australian  or  Californian  gold ; 
but  the  proportion  varies  widely.  In  a  number  of  samples  which  the 
writer  has  assayed,  he  has  found  the  fineness  vary  from  23  carats  down 
to  13  J  carats,  the  latter  being  a  sample  of  free  gold  in  quartz,  from  the 
Volkoi  mines  near  Zalathna.  With  so  large  a  proportion  of  silver  as  this 
the  metal  appears  nearly  white.  The  average  fineness  of  the  gold  of  the 
district  appears  to  be  about  16  to  17  carats. 

Gold  also  occurs  in  gravel  deposits  in  various  places  ;  that  at  Szaspian 
and  Ohlapian,  in  the  neighbourhood  of  Miihlenbach,  being  as  remai'kable 
as  any.  There  the  gravel  beds  are  of  considerable  thickness  ;  they  cap 
and  flank  the  low  hills  to  the  south  of  the  Maros  valley,  and  seem  to  be 
of  glacial  origin.  They  contain  quartz  and  garnet  pebbles.  These 
gravels,  when  washed,  yield  gold  in  small  quantity.  It  is  here  in  coarse 
particles,  and  of  a  fine  yellow  colour,  probably  22  to  23  carats.  So  also 
in  the  valleys  of  the  Abrud,  the  Aranyos,  and  the  Koros,  and  other 
streams,  gold  is  found  in  the  river  gravels ;  and  a  few  of  the  Wallachian 
inhabitants  occupy  themselves  during  the  summer  months  by  extracting 
it,  employing  for  the  purpose  a  small  inclined  table  and  a  wooden  hand 
pan.  In  this  way  they  make  about  a  florin  (Is.  8d.)  a  day  if  they  are 
fortunate  in  selecting  their  position  ;  but  the  amount  of  gold  thus 
obtained  in  the  whole  district  is  very  insignificant,  compared  with  that 
obtained  by  mining. 
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HISTORV. 

Transylvfinii^  has  been  the  scene  of  ininino-  enterprise  from  a  very 
early  period.  It  formed  a  part  of  the  ancient  kingdom  of  Dacia,  whicli 
was  annexed  to  the  Roman  empire  by  Trajan,  in  a.d.  107,  and  remained 
a  Roman  province  nntil  a.d.  270,  when  it  was  abandoned  by  the  Emperor 
Aurelian.*  During  this  period  the  Roman  settleis  seemed  to  have  worked 
the  gold  very  extensively  ;  they  not  only  washed  the  gravels  of  the 
river  beds,  but  carried  on  vein  mining  to  a  large  extent ;  and,  according 
to  some  accounts,  in  a  very  reckless  and  wasteful  manner,  so  that  the 
Emperors  latterly  took  the  working  of  the  principal  mines  into  their  own 
hands,  permitting,  however,  private  adventurers  to  explore  and  open 
new  ones.f 

Near  Verespatak  and  Abrudbanya  many  interesting  evidences  of  the 
Roman  occupation  still  remain ;  pei'haps  the  most  remarkable  of  these  is 
the  "Cetate  Mare,"  a  large  crater-like  excavation  on  the  summit  of  a 
hill,  which  the  Roman  miners  have  produced  in  their  search  for  gold. J 
So  also  at  Volkoi,  they  have  worked  open-cast  a  large  quartz  vein,  leaving 
a  great  gash  in  the  hills  that  can  be  seen  miles  away.  There  are,  besides, 
many  mines  worked  by  drifts,  the  smooth  chisel  cut  walls  and  regular 
forms  of  which  point  to  their  Roman  origin.  Amongst  these  may  be 
mentioned  the  celebrated  mine  at  Ruda,  now  the  largest  in  Transylvania, 
which  was  commenced  in  Roman  times.  In  the  rubbish  heaps  of  many 
of  these  mines  Roman  coins,  both  gold  and  silver,  have  been  found 
from  time  to  time.  The  writer  has  in  his  possession  a  silver  coin  of 
Claudius  found  at  the  Cetate  in  Verespatak,  and  another  of  Plautilla 
Augusta  found  near  Ruda. 

At  Verespatak  may  be  seen  several  Roman  tablets,  with  inscriptions, 
built  into  the  walls  of  buildings.  This  place  was  kno^\ii  to  the  Romans 
as  Alburnus  Major. 

Heaps  of  ancient  slags,  too,  have  been  found  iu  several  places,  from 
which  it  appears  probable  that  the  Romans  practised  some  mode   of 

*  Gibbon,  "  Decline  and  Fall  of  the  Roman  Empire,"  Vol.  I.,  cliap.  xi. 

f  Chalmers  (1580)  remarks  that  for  a  century  and  a  half  Transylvania  became  to 
the  Romans  what  Mexico  afterwards  was  to  Spain.  Much  of  the  gold  that  glittered  on 
the  tables  of  the  wealthy  Patricians,  or  adorned  the  reigning  beauties  at  the  gladiatorial 
shows,  was  dug  from  the  hills  of  Abrudbanya  or  washed  from  the  sands  of  the  Aranyos 
and  other  streams.  During  the  culminating  epoch  of  Roman  luxury  Transylvania  was 
regarded  as  a  vast  treasure-house  to  be  ransacked  for  wealth. 

J  Pliny  (Lib.  XXXIII.,  c.  21),  in  describing  the  gold  mining  operations  carried  on 
in  Spain  about  a  century  earlier,  mentions  the  use  of  tire-setting  and  an  iron-headed 
battering  ram,  as  a  means  emi)loyed  by  the  Roman  miners  to  loosen  the  rocks.  He 
also  mentions  the  use  of  vinegar  for  the  same  purpose,  but  tliis  is  probaldy  only  a 
fable. 
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smelting  for  extracting  the  gold  from  the  pyritous  ores  that  would  not 
yield  it  to  the  simple  process  of  crushing  and  washing.  After  the  with- 
drawal of  the  Roman  power  in  a.d.  270,  the  mining  industry  was 
gradually  destroyed  by  the  very  unsettled  times  that  followed  ;  for  from 
this  date  until  the  latter  part  of  the  11th  century  Transylvania  formed 
the  great  theatre  of  battles  between  the  Ostrogoths,  Hunns,  Longo- 
bards,  Bulgarians,  Magyars,  Kumans,  and  other  eastern  races,  which 
kept  pressing  on  towards  western  Europe  ;  so  that  it  is  improbable  that 
the  mining  industry  revived  again  until  after  the  union  of  Transylvania 
with  Hungary,  between  a.d.  1078-95,  when  this  district  began  to  enjoy 
again  some  approach  to  peace  and  order  ;  and  from  that  period  until  the 
present  day,  gold  mining  has  been  carried  on  pretty  continuously,  although 
on  a  much  smaller  scale  than  in  Roman  times.  It  is  probable  that  the 
Romans  exhausted  all  the  richest  and  most  easily  available  deposits,  for 
the  best  of  the  gold  ore  in  the  district  seems  to  have  been  found  in  the 
upper  and  middle  parts  of  the  hills,  and  the  veins  do  not  appear  to  hold 
good  to  any  considerable  depth  ;  at  least  this  is  the  prevailing  opinion  in 
the  district.  It  should,  however,  be  remarked  that  no  exploration  has 
anywhere  been  attempted  far  below  the  level  of  free  drainage,  owing  to 
the  very  primitive  pumping  appliances  in  use. 

MINING. 

In  Transylvania  at  the  present  day  the  modes  of  mining  and  of 
treating  the  gold  ores  are  still  of  the  most  primitive  character,  and  differ 
little,  if  at  all,  from  those  employed  in  the  middle  ages.  The  present 
population  may  be  said,  roughly,  to  consist  of  one-third  Hungarians  and 
two-thirds  Wallachians  or  Roumanians,  who  consider  themselves  descend- 
ants of  the  ancient  Roman  settlers,  and  still  speak  a  Latin  language ;  and 
it  is  these  latter,  almost  exclusively,  who  carry  on  the  mining  industry. 
The  mining  laws  are  very  favourable,  and  tend  to  encourage  small 
adventures  in  this  way.  Any  person  expecting  the  presence  of  ore  in  a 
piece  of  ground  may,  by  the  payment  of  four  florins  (6s.  8d.)  to  the  local 
government  authorities,  claim  a  Freischiirf,  that  is  the  right  to  search  for 
minerals  within  a  circle  of  46.5  yards  radius  from  any  point  that  he  may 
chose,  provided,  of  course,  that  the  ground  is  not  already  covered  by  prior 
claims  of  the  kind.  He  is  permitted  to  take  out  one  or  more  of  these 
prospecting  claims,  paying  an  annual  tax  of  four  florins  on  each  so  long 
as  he  desires  to  hold  them.  In  this  way  he  may  protect  himself  while  he 
is  prospecting,  and  in  the  event  of  success  he  may  then  claim  one  or  more 
permanent  miuing  rights,  Griihenmassen  as  they  are  called,  each  having 
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au  area  of  ;5M)  square  acres,*  l)ut  in  this  case  he  has  to  deposit  a 
rough  plan  showing;  the  position  and  extent  of  the  ground  so  claimed. 
These  claims  extend  to  an  infinite  depth,  but  in  tlie  neighbourhood  of 
Verespatak  a  local  peculiarity  in  the  law  exists.  Here  spherical  masses 
{KugJemassen)  have  been  granted,  and  owing  to  the  numerous  claimants, 
and  the  very  imperfect  plans  that  are  kept,  extraordinary  complications 
arise  and  constant  disputes  occur.  Here,  within  a  space  of  some  two 
square  miles,  no  less  than  300  mining  companies  exist,  though  but  a 
small  fraction  of  this  number  are  in  actual  work.  At  this  place  a  mining 
company  often  consists  of  only  three  or  four  people,  who  agree  together 
to  risk  a  few  hundred,  or  perhaps  a  few  thousand,  florins  in  a  mining 
venture,  much  as  the  Hungarians  and  Austrians  put  money  into  the  State 
lotteries.  They  generally  appoint  one  of  themselves  as  director  to  carry 
out  the  work  and  commence  by  purchasing  a  Freischurf,  or,  more  com- 
monly, an  old  abandoned  mine.  Tlie  capital  is  expended  in  drifting  in 
various  directions,  and  perhaps  in  re-timbering  the  adit  level.  If  they 
are  fortunate  and  happen  to  come  upon  a  good  deposit,  the  mine  is  for  a 
time  profitable,  and  they  may  receive  back  in  profits  more  than  they  have 
invested  J  but  as  they  do  not,  as  a  rule,  set  apart  any  portion  of  the 
profits  to  carry  on  explorations,  the  undertaking  is  soon  brought  to  a  close 
when  a  dead  portion  of  the  vein  or  rock  is  reached.  The  hills  near 
Verespatak  are  literally  riddled  by  small  mines  of  this  kind,  so  that  fi'om 
a  distance  they  much  resemble  a  rabbit  warren. 

Besides  these  very  small  mines  there  are  some  of  a  more  important 
character — the  Ferdinand  mine  in  the  Verespatak  Valley  and  the  Valea 
Verde  mine  in  a  valley  of  the  same  name  are  good  instances  ;  they  are  both 
worked  by  local  companies.  The  produce  of  the  mine,  after  being  carefully 
mixed  to  render  it  as  uniform  as  possible,  is  divided  into  as  many  parts 
as  there  are  shareholders,  who  convey  it  to  their  own  stamp  works  {Poch- 
werTcs)  for  treatment,  employing  for  this  purpose  narrow  waggons  drawn 
by  oxen.  These  waggons  carry  about  8  cwts.  of  ore,  and  although  made 
almost  entirely  of  wood,  they  hold  together  remarkably  well,  in  spite  of 
the  extreme  roughness  and  steepness  of  the  roads.  The  ore  from  the 
higher  and  more  inaccessible  mines  is  conveyed  down  into  the  valleys  in 
baskets  on  the  backs  of  ponies,  a  primitive  but  expensive  mode  of  transport. 

*  There  are  also  smaller  claims,  known  as  Kleinmassen,  wliicli  extend  only  in  a  hori- 
zontal direction,  and  have  a  vertical  section  of  967  square  yards.  They  are  usually 
taken  so  as  to  surround  an  explorin<?  drift  16  feet  in  each  direction.  Besides  the 
large  prospecting  claims  above  referred  to  smaller  ones  are  also  granted,  if  desired,  at  a 
less  cost. 
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The  cost  of  working  the  mine,  that  is  the  cost  of  wages,  timber,  powder, 
and  other  stores,  is  paid  for  by  the  shareholders  in  proportion  to  the 
shares  they  hold  and  the  ore  they  receive.  The  director  and  officials  of 
the  mine  are  generally  paid  by  having  shares  in  the  mine  allotted  to  them. 
Those  shareholders  who  live  at  a  distance,  or  who  do  not  possess  stamp 
works,  permit  their  ore  to  be  sold  weekly  at  the  mine  by  public  auction, 
the  other  shareholders  generally  buying  it. 

The  gold  is  commonly  classed  under  three  heads — 1st,  the  frei  gold, 
or  free  gold;*  2nd,  the  miilil gold,  which  is  in  too  small  particles  and 
too  much  disseminated  in  the  stone  to  be  seen,  but  which  is  extractable 
by  the  simple  crushing  and  washing  of  the  stamp  works;  3rd,  the  schlich 
gold,  which  is  entangled  or  combined  with  the  pyrites,  and  which  is  here 
extracted  by  smelting  operations.  When/m^oW  is  found  in  the  mine 
the  stone  is  carefully  removed  and  stamped  by  hand  in  iron  mortars  with 
a  little  mercury ;  the  amalgam  formed  is  washed  out  and  heated  in  a 
crucible  to  drive  off"  the  mercury.  The  gold  is  sold  for  the  benefit  of  the 
company,  the  money  going  to  the  payment  of  the  working  expenses,  or  if 
it  exceed  these  in  amount,  the  excess  is  divided  amongst  the  shareholders. 

The  produce  of  both  these  mines  amounts  to  between  200  and  300 
tons  of  ore  per  week,  at  a  general  cost  to  the  shareholders  of  2  fl.  50  kr. 
(4s.  2d.)  per  ton  at  the  mine,  to  which,  however,  must  be  added  the  cost 
of  transport  to  their  stamp  works,  which  will  certainly  average  another 
florin  per  ton.  As  some  of  these  are  at  a  considerable  distance,  and  as 
much  of  the  ore  of  these  mines  only  yields  about  ^  to  ^  oz.  of  (16 
carat)  gold  per  ton,  there  is  not  a  very  wide  margin  for  profit  after  the 
expenses  of  the  stamp  works  are  paid.  The  shares  of  these  mines  are 
nearly  all  in  the  hands  of  local  Wallachian  inhabitants.  They  are 
occasionally  bought  and  sold,  but  the  prices  are  very  variable,  as  there  is 
no  regular  market  for  them. 

The  largest  mine  in  the  Yerespatak  valley  is  the  Government  mine  of 
St.  Kereszt,  originally  a  private  undertaking,  started  about  200  years  ago, 
but  now  worked  by  the  State.  It  is  approached  by  the  adit  level  before 
referred  to,  which  has  been  driven  for  over  1"55  miles  into  the  hills. 
The  first  part  passes  through  Eocene  sandstone,  but  further  on  it  strikes 
into  the  trachyte  breccia  or  gold  bearing  rock  of  the  district.  Although 
in  its  course  this  drift  cuts  over  100  veins  of  various  thicknesses,  on  some 
of  which  immense  excavations  have  been  made,and  although  considerable 
"  finds  "  of  gold  have  been  made  at  different  times  in  the  mine,  yet,  on 

*  More  correctly  called  visible  gold,  since  the  miihl  gold  is  also  free. 
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the  whole,  it  has  not  been  a  coininercial  success  ;  but  the  adit  level,  being 
the  lowest  in  the  district,  serves  to  un water  many  of  the  mines  above,  and 
it  was  partly  for  this  object  that  it  has  been  carried  to  its  present  extent. 
The  ore  is  conveyed  from  this  mine  by  means  of  a  horse  tramway,  which 
extends  the  whole  way  down  the  Verespatak  valley  to  the  point  of  its 
junction  with  the  Abrud  stream,  and  here  large  stamp  works  have  been 
erected. 

The  result  of  last  year's  working  was  a  loss  to  the  State  of  £2,500, 
but  some  years  a  profit  of  about  an  equal  amount  is  made.  The 
average  yield  of  gold  from  the  stone  stamped  is  poor,  latterly  it  has  not 
been  more  than  5  grams  (f  oz.)  per  ton,  and  it  is  said  they  have  stamped 
stone  down  to  2  grams  (-jij  oz.)  per  ton.  The  yield  of  nK)st  of  the  stamp 
ore  of  the  Verespatak  district  is  poor,  j  to  ^  oz.  ore  being  considered 
good,  but  much  ore,  carrying  no  more  than  J  or  t  oz.  per  ton,  is 
stamped  at  the  nearer  stamp  works.  It  is,  however,  the  finds  of/rei,  or 
visible  gold,  that  are  the  great  source  of  attraction  to  the  mining  specula- 
tors of  the  district.  Some  magnificent  finds  of  gold  were  made  in  these 
mines  at  the  end  of  the  last  century  and  the  beginning  of  this,  but  latterly 
they  have  become  less  common,  though  they  are  still  occasionally  made. 
If  the  large  amounts  of  gold  obtained  here  by  the  Romans,  and  the  steady 
production  of  the  metal  that  has  gone  on  for  the  past  800  years  are  taken 
into  consideration,  it  is  not  surprising  that  the  neighbourhood  of  Veres- 
patak is  to  a  great  extent  worked  out. 

A  few  miles  to  the  south-east,  in  the  Buchum  valley,  is  situated  the 
Concordia  Mine,  which  is  certainly  the  most  successful  of  recent  under- 
takings in  the  disti'ict.  The  company,  which  consists  of  25  shares,  was 
started  in  1876,  and  the  original  capital  did  not  exceed  about  1,000  florins 
per  share  (£80).  For  the  first  two  or  three  years  little  or  no  profit  was 
obtained,  but  since  that  time  the  mine  has  paid  wonderfully  well,  the 
shares  being  now  valued  at  at  least  £1,6G0  each.  The  produce  of 
the  mine  is  divided  into  34  parts,  9  of  which  go  to  pay  the  manager  and 
officials,  and  25  to  the  shareholders.  Last  year  a  single  share  yielded 
4,000  grams  (130  ozs.)  of  gold,  and  in  1883  3,500  grams  (120  ozs.),  and 
in  some  years  considerably  larger  amounts  have  been  obtained.  The  yield 
of  gold  per  ton  varies  from  about  ^  oz.  in  the  poorest  to  1^  or  If  oz.  in 
the  best  ore.  A  considerable  amount  of  picked  free  gold  is  also  obtained  ; 
last  year  this  amounted  to  £1,500  worth,  and  a  few  years  back  as  much 
as  £8,000  worth  was  found  in  a  space  of  15  feet  cube.  The  total  value 
of  the  gold  produced  by  this  mine  last  year,  inclusive  of  that  obtained 

vor.  XXXV. —1886.  h 
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by  smelting-  the  pyrites,  was  £14,500.  By  far  the  richest  and  most 
interesting  part  is  an  immense  stoch  ivorlc,  which  has  been  excavated  to 
a  depth  of  240  feet  below  the  adit  level,  by  a  series  of  large  chambers 
descending  in  a  spiral  direction,  so  that  the  descent  can  be  made  by 
walking.  The  rock  is  a  porous  volcanic  breccia,  containing  many  veins 
and  strings  of  calcite,  with  which  the  gold  is  associated.  This  rock, 
though  porous  and  comparatively  soft,  is  very  free  from  joints,  and  allows 
immense  open  spaces  to  be  left  without  the  use  of  timber.  As  this  mine 
is  worked  considerably  below  the  adit  level  a  horse-pump  has  recently  been 
introduced,  but  wooden  hand-pumps  of  the  most  primitive  kind  are 
still  employed  in  the  lowest  part  of  the  workings. 

A  few  miles  further  to  the  south  are  the  mines  of  Volkoi  and  Botes, 
which  have  quite  recently  been  sold  to  a  French  company  who  are  starting 
a  battery  of  heavy  stamps  of  American  type,  provided  with  modern  amalga- 
mation appliances  and  driven  by  sleam.  These  mines  are  undoubtedly 
good,  and  with  judicious  and  economical  management  the  undertaking 
should  pay  well. 

So  also  the  ancient  mines  of  Ruda,  near  Brad,  in  the  Koros  valley, 
have  recently  been  acquired  by  a  German  company,  who  intend  applying 
modern  machinery.  The  principal  lode  or  vein  at  Ruda  is  of  great  thick- 
ness— 13  to  23  feet ;  it  dips  at  a  high  angle,  and  strikes  nearly  east  and 
west  in  the  line  of  the  small  valley  in  which  it  occurs.  The  rock  is  a  green- 
stone porphyry  on  the  one  side  of  the  vein  and  a  trachyte  tuff  on  the  other  ; 
the  filling  material  of  the  vein  is,  to  a  large  extent,  calcite,  but  the  centre 
portion,  for  a  width  of  from  11  to  30  inches,  is  usually  filled  in  with  a 
soft  clayey  material,  through  which  is  disseminated  iron  pyrites  and  gold. 
The  vein  is  opened  up  by  four  drifts,  the  mouths  of  which  are  passed  at 
different  points  in  ascending  the  valley,  the  highest  of  these  being  170 
yards  above  the  lowest.  The  ore  of  this  mine  yields  on  an  average  10 
grams  (^  oz.)  of  gold  to  the  ton,  and  is  soft  and  easily  stamped.  Besides 
the  principal  vein  there  are  several  cross  veins  which,  though  of  less 
importance,  have  yielded  at  some  points  considerable  quantities  of  gold. 
In  this  mine  there  is  certainly  a  very  large  amount  of  fairly  good  stamp 
ore  still  available  and  proved  by  the  present  drifts ;  and  as  there  are 
some  considerable  deposits  of  fair  brown  coal  close  by,  which,  though  not 
at  present  worked,  ought  to  be  obtainable  at  a  price  not  exceeding  3s.  a 
ton,  the  cost  of  stamping  need  not  be  high. 

There  are  many  other  interesting  mines  in  various  parts  of  the  district, 
but  it  is  impossible  to  refer  to  them  in  detail  without  making  the  present 
notes  too  long. 
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CONDITION  OF  THE  MINERS. 
The  average  wage  of  miners  in  tlie  disti'ict  is  50  kr.  to  60  kr.  (lOd.  to 
Is.)  per  day,*  but  work  is  often  let  by  the  metre,  and  in  such  rock  as  is 
prevalent  in  the  Concordia  and  Yalea  Yerde  mines  7s.  Gd.  per  yard 
would  be  considered  a  lair  price  for  a  drift  21  square  feet  in  section ; 
the  men  in  this  case  providing  themselves  with  powder  and  candles. 
But  in  some  of  the  hard  greenstone  rock  as  much  as  45s.  has  sometimes 
been  paid.f 

The  Wallachian  miners  are  very  much  given  to  drinking.  They 
consume  a  spirit  that  is  distilled  from  fermented  plums,  and  which  costs 
only  from  10  kr.  to  15  kr.  per  litre  (about  l|d.  to  2d.  a  pint),  this  they 
drink  in  immense  quantities.  It  is  very  difficult  to  get  them  to  work 
more  than  four  days  in  a  week ;  they  very  rarely  attempt  to  work  on 
Monday  at  all,  in  consequence  of  the  heavy  drinking  that  goes  on  on 
Sunday  night ;  and  as  there  is  generally  one  Greek  church  saint-day  in 
each  week,  which  is  always  kept  as  a  holiday,  it  affords  them  the  oppor- 
tunity of  wasting  another  day  in  drinking.  They  are  improvident  in  the 
highest  degree,  and  often  suffer  from  extreme  want  in  the  winter  when 

*  A\'itli  regard  to  this  wage,  it  may  be  as  well  to  recollect  that  the  price  of  pork  is 
2d.  to  2^d.  a  lb. ;  mutton  about  3d.  a  lb. ;  beef,  from  oxen  that  have  worked  for  years  at 
the  ore  carts,  the  only  quality  obtainable,  3^d.  a  lb. ;  chickens  5d.  to  9d.  each ;  wheat 
bread  about  lid.  a  lb.,  or  nearly  the  present  price  of  bread  in  England.  The  Wal- 
lachian  miners,  however,  live  almost  exclusively  on  bread  or  cakes  made  from  maize  or 
Indian  corn  ;  this  they  eat  with  onions  and  a  few  other  vegetables,  and  occasionally  a 
little  bacon,  but  rarely  any  other  meat.  The  maize  bread  is  cheaper  than  wheaten 
bread,  probably  about  two-thirds  the  price,  and  though  unpalatable  is  more 
nutritious.  (See  Dr.  Letheby's  Lectures,  page  7.)  Many  of  the  cottagers  grow 
small  patches  of  maize  on  the  sides  of  the  hills,  and  the  rest  is  imported  from  the 
flatter  surrounding  districts;  they  generally  grind  .and  make  the  bread  themselves.  It 
must  be  remembered  that  beyond  the  cost  of  food,  and  of  the  spirit  which  he  drinks, 
the  expenses  of  a  Wallachian  miner  are  small.  He  generally  has  no  house-rent  to  pay, 
his  house  being  a  mere  log  hut;  firewood  he  can  generally  help  himself  to  from  the 
forests  ;  and  his  clothing  is  of  the  cheapest  description — a  coat  and  breeches  of  a  coarse 
homespun  flannel,  with  a  wide  leather  belt  containing  many  pockets  round  the  middle, 
and  often  no  .shirt,  form  his  usual  dress;  in  winter  an  outer  cape  of  sheepskin,  with  the 
wool  turned  inwards,  is  employed  when  travelling ;  the  lower  part  of  the  legs  and  feet 
are  bound  with  long  woollen  rags,  and  leather  sandals  secured  by  thongs  are  generally 
worn  in  place  of  boots  amongst  the  poorer  people.  The  houses  are  of  logs  roughly 
squared,  the  cracks  being  filled  with  clay;  they  are  roofed  with  thatch  or  wooden  tiles, 
and  are  generally  without  a  chimney,  the  fire  being  burnt  on  the  floor  or  on  a  slightly 
raised  hearth,  the  smoke  finding  its  way  through  the  thatch  or  the  cracks  in  the  roof. 
The  life  these  people  lead  is  beyond  doubt  a  very  hard  one,  and  although  tlieir  families 
are  not  large,  suffering  from  want  and  disease  is  often  terrible  in  winter. 

t  In  mines  where  free  gold  occurs  stealing  is  e.\tensively  practised  by  the  workmen, 
in  spite  of  many  precautions  employed  to  prevent  it ;  and  there  are  in  Abrudbanya  and 
other  places  persons  who  will  buy  gold  and  valuable  pieces  of  gold  ore  at  a  price  that 
yields  them  a  good  i)r()fit,  and  ask  no  questions. 
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the  stamp  works  are  stopped  by  the  frost.  They  are  as  superstitious  as 
any  race  in  Europe,  and  never  do  anything  without  considering  whether 
the  time  and  circumstances  are  kicky  or  otherwise  ;  yet  these  men  are  the 
supposed  descendants  of  the  ancient  Roman  colonists. 

MODE  OF  TREATMENT  OF  THE  ORE. 

With  the  exception  of  the  picked  free  gold,  which  is  treated  as  before 
described  in  iron  mortars  by  hand,  and  of  the  tellurian  ores  of  Offenbanya 
and  Nagyag,  and  of  some  massive  pyritous  ores  of  other  localities,  the 
whole  of  the  ore  of  the  district  is  stamped  in  small  wooden  stamp  works, 
driven  by  water-power,  where  every  available  fall  in  the  streams  is 
utilized  ;  and,  in  the  neighbourhood  of  Verespatak  and  Abrudbanya, 
over  500  of  these  are  at  work.  They  consist  of  a  battery  of  from 
six  to  twelve  stamps,  driven  by  a  water-wheel  of  from  5  to  9  feet  in 
diameter.  The  stamps  are  very  light,  generally  not  exceeding  1^  cwt. 
each.  They  are  made  from  beech-wood,  and  are  provided  with  hard  stone 
heads  of  the  most  primitive  description.  The  coffers  are  entirely  of 
wood,  the  cracks  being  stuffed  with  moss.  The  bottom  of  the  coffers 
on  which  the  stamps  fall  is  formed  of  blocks  of  beech-wood  with  the 
grain  set  vertically ;  these,  after  a  time,  become  very  hard  from  the 
particles  of  quartz,  etc.,  that  become  embedded  in  them.  They  rest  on  a 
tolerably  heavy  transverse  log  of  beech,  but  beyond  this  are  rarely 
provided  with  anything  approaching  a  good  foundation.  An  iron  grating 
of  coarse  character  is  employed  in  the  front  of  the  coffer,  and  this 
simply  delivers  the  crushed  material  into  a  rectangular  pit  dug  in  the 
ground  and  boarded.  The  ore  is  broken  up  with  hammers,  until  it  does 
not  exceed  about  2-inch  cube,  and  is  fed  into  the  coffers  by  hand.  The 
stamps  make  about  20  to  30  strokes  per  minute  ;  and  a  battery  of 
twelve  heads  will  stamp  about  one  ton  of  ore  in  24  hours.  Once  a  day 
the  stamps  are  stopped  and  the  coffers  cleaned  out ;  the  material  removed 
is  sifted  with  a  coarse  sieve,  and  what  will  not  pass  through  is  returned 
to  the  coffers.  The  remainder  is  carefully  panned  to  separate  the  gold 
which  it  contains ;  for,  owing  to  the  slow  rate  of  the  stamps,  their  short 
fall,  and  the  height  of  the  gratings,  most  of  the  gold  is  found  to  remain 
in  the  coffers.  The  stamped  material  collected  in  the  tank  is  dug  out  at 
intervals,  and  washed  over  an  inclined  table  of  wood,  terminating  in  a 
smaller  one  covered  with  flannel,  in  order  to  separate  the  pyrites  and  the 
remainder  of  the  gold  from  the  earthy  matters.  The  pyrites,  after 
careful  panning  to  separate  as  much  free  gold  as  possible,  is  sent  to  the 
Government  smelting  works  for  treatment,  as  it  still  contains  entangled 
or  combined  gold.     The  powdery  gold  that  has  been  obtained  by  panning 
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is  ground  witli  a  little  mercury  in  a  small  iron  or  stone  mortar,  and  after 
careful  washing  to  remove  particles  of  pyrites  that  remain,  is  heated  to 
drive  olF  the  mercury.  The  gold  thus  obtained  has  a  fineness  of  about 
IG  to  17  carats.  It  is  sold  to  the  Government  authorities  at  Zalathna, 
or  to  local  merchants  in  Abrudbanya  and  elsewhere.  The  mode  of  treat- 
ment described  is  without  doubt  very  imperfect,  and  a  considerable  part 
of  the  fine  gold  certainly  escapes  with  the  tailings;  indeed  this  gold  may 
be  detected  by  panning  the  sand  of  some  of  the  streams,  and  is  dis- 
tinguishable from  the  older  alluvial  gold  by  its  light  colour. 

The  cost  of  working  is,  however,  very  small,  one  florin  (Is.  8d.)  a  day 
probably  covering  the  cost  of  labour  and  repairs  required  for  a  12-stamp 
battery  ;  the  prime  cost  of  such  a  stamp  work  as  is  described  does 
not  exceed  200  florins  (£16),  although  the  water  rights  are  sometimes 
valued  at  as  much  as  1,000  florins  (£80.) 

The  concentrated  pyrites,  separated  as  above-mentioned,  generally 
amounts  to  about  2  per  cent,  of  the  weight  of  the  ore  stamped,  and  the 
amount  of  gold  that  it  contains  generally  varies  in  the  Abrudbanya 
district  between  GO  and  120  grams  (2  to  -1  ozs.)  per  ton,  together  Avith 
about  twice  this  quantity  of  silver.  When  it  is  sufficiently  rich  to  pay 
for  treatment  and  carriage,  it  is  sent  in  ox-waggons  to  the  Government 
smelting  works  at  Zalathna,  some  of  it  being  conveyed  more  than  30 
miles  in  this  manner. 

At  Zalathna  the  mode  of  treatment  at  present  employed  is  as  follows : 
The  pyrites  is  spread  out  and  mixed,  and  a  fair  sample  taken  and  assayed, 
and  the  sellers  are  paid  for  the  gold  and  silver  it  contains,  minus  the  cost 
of  treatment,  which  averages  45  florins  per  ton,  a  small  charge  being 
also  made  for  the  assay. 

The  material,  which  is  moist  and  still  contains  a  large  per  centage  of 
silica  from  imperfect  concentration,  is  dried  on  the  top  of  the  roasting 
furnaces.  The  furnaces  now  in  use  for  roasting  are  Bode's  patent.  They 
consist  of  a  number  of  narrow  chambers  one  above  the  other,  with  thin 
fire-brick  floors  between,  and  having  openings  into  each  other  at  alternate 
ends,  so  that  the  current  of  air  travels  backwards  and  forwards  tlirousfh 
them  until  it  reaches  the  highest,  from  which  it  passes  into  a  flue.  There 
is  a  small  door  on  each  level,  through  which  the  workmen  can  rake  the 
pyrites  about,  and  when  it  has  remained  about  four  hours  on  one  level,  it 
is  raked  through  the  openings  on  to  the  next  below.  Ttie  time  is  so 
arrauged  that,  on  reaching  the  lowest  level,  the  roasting  is  sufficiently 
complete,  a  small  amount  of  sulphur  (from  h  to  G  percent.)  being  allowed 


92  TRANSYIiVANIAN   GOLD   MINING. 

to  remain.  No  fuel  is  employed,  the  heat  of  the  last  charge  being  suffi- 
cient to  fire  the  next.  A  block  of  four  of  these  furnaces  will  roast  3^ 
tons  of  pyrites  in  24  hours,  at  a  cost  for  labour  of  one  florin  per  ton. 

The  roasted  pyrites  is  next  mixed  with  about  6  per  cent,  of  oxide  of 
lead,  and  a  small  quantity  of  raw  ore  to  supply  silica,  and  is  smelted  in  a 
small  blast-furnace,  beech-wood  charcoal  being  employed  as  fuel.  The 
furnace  is  about  39  inches  in  diameter  and  13  feet  in  height ;  it  is  worked 
with  three  tuyers,  and  a  blast  pressure  of  about  5  inches  of  water.  The 
oxide  of  lead  being  reduced  to  the  metallic  state  runs  to  the  bottom  of  the 
furnace  carrying  with  it  the  gold  and  silver,  and  is  tapped  off  at  intervals 
of  2^  hours.  The  slag,  chiefly  silicate  of  iron,  runs  off  continuously  at 
an  upper  slag  hole.  With  the  lead  runs  off"  a  smaller  amount  of  regulus 
of  sulphide  of  iron  and  copper,  which  is  subsequently  treated  to  obtain 
the  copper  ;  but  generally  the  amount  of  copper  pyrites  present  in  the 
ore  is  of  small  importance.  The  lead  is  then  cupelled  in  a  German 
furnace,  and  the  precious  metals  obtained  are  sent  to  the  refinery  at 
Cremnitz  for  separation.  They  have  also  at  Zalathna  small  chemical 
works  for  utilizing  the  waste  products.  Part  of  the  sulphur  dioxide  from 
the  roasting  furnaces  is  made  into  sulphuric  acid  in  the  usual  way.  The 
sulphide  of  iron  and  copper  is  treated,  after  grinding  to  powder,  with 
sulphuric  acid  in  closed  tanks  lined  with  lead,  and  the  sulphuretted 
hydrogen  evolved,  together  with  a  suitable  amount  of  sulphur  dioxide 
from  the  roasting  furnaces,  is  conducted  to  a  tower  containing  fragments 
of  brick,  over  which  is  allowed  to  flow  a  solution  of  calcium  chloride. 
The  reaction  that  occurs  is  probably  rather  complex,  but  the  chief  final 
products  are  sulphur,  calcium  sulphate,  and  hydi'ochloric  acid.*  The 
sulphur  and  calcium-sulphate  fall  to  the  bottom  and  are  removed,  and, 
after  drying,  the  sulphur  is  separated  by  melting.  The  hydro-chloric 
acid  is  neutralized  with  limestone  to  form  fresh  calcium  chloride.  The 
solution  of  sulphate  of  iron  is  treated  with  scrap-iron  to  throw  down 
any  copper  that  is  present,  and  is  then  permitted  to  crystallize. 

Besides  the  Zalathna  works  the  Grovernment  formerly  had  a  smelting 
works  at  Offenbanya  in  the  Aranyos  Valley,  and  another  at  Hondol  in  the 
Deva  district,  with  a  view  to  diminish  the  expense  of  transport,  and  so 

*  It  is  known  that  SO^  +  SH^  +  H.,0  give  sulphur  and  pentathionic  acid;  thus, 
lOH^S  +  lOSO,  +  uH.,0  =  lOS  +  (n  +  8)  H.,0  +  H.^S^Og  ;  and  that  H^S.^O,, 
easily  splits  up  into  SO.,  and  H.,S04.  The  calcium  chloride  very  probably  acts  on  the 
pentathionic  acid,  thus,  2CaCl.j  +  2H2S,0r,  =  (!S  +  2Ca  SO^  +  4HcL  +  2S0., ;  the 
SOj  liberated  by  this  second  reaction  will  react  on  fresh  SH.,,  and  so  on.  Whatever 
the  action  may  be,  they  have  found  the  calcium  .salt  a  great  assistance  in  the  process. 
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encourag-e  the  working  of  the  poorer  pyritons  ores,  but  from  mismanage- 
ment and  otlier  causes  they  ceased  to  pay,  and  have  been  closed  for  many 
years  and  are  now  iu  a  ruinous  condition  ;  but  there  can  be  little  doubt 
that  with  economical  management  and  more  modern  metallurgical  pro- 
cesses they  might  be  worked  at  a  profit  again. 


The  President  said,  they  had  heard  a  very  interesting  paper,  and 
although  the  formal  discussion  would  be  taken  on  another  occasion,  any 
gentleman  present  might  ask  questions,  and  they  would  be  communicated 
to  the  author  of  the  paper. 

Professor  Lebour  said,  that  in  the  absence  of  Mr.  Liveing,  and  in 
the  absence  of  specimens  from  the  district  described  in  the  paper,  he  had 
himself  taken  the  liberty  of  bringing  two  or  three  pieces  of  gold  rock 
from  the  mines,  in  which,  with  a  glass,  they  would  be  able  to  see 
that  the  gold  was  crystallized.  This  was  one  of  the  most  interesting 
features  as  regarded  the  gold  in  the  district  described.  The  crystallization 
was  clear,  and  frequently  in  perfect  cubes,  which  was  a  most  unusual 
occurrence  in  either  Australia  or  California,  or  any  of  the  other  well-known 
gold  districts.  Another  thing  of  interest  was  that  this  gold  occurred 
often,  as  Mr.  Liveing  told  them,  in  connexion  with  calcite  in  the 
Verespatak  region.  In  the  Bristol  district,  gold  had  been  found  in  small 
quantities  in  the  Mountain  Limestone.  It  was  very  advisable  when  such 
papers  were  read,  that  the  writers  should  submit  specimens  at  the  same 
time  ;  because  sometimes  the  specimens  really  explained  as  much  as 
the  reading  of  the  paper  did.  He  had  had  great  pleasure  in  hearing  the 
paper,  which  would  be  a  welcome  addition  to  their  Transactions. 

Mr.  Steavenson  proposed  a  vote  of  thanks  to  Mr.  Liveing  for  the 
paper,  which  he  (Mr.  Steavenson)  had  been  the  means  of  inducing  him 
to  write.  He  knew  that  Mr.  Liveing  had  been  for  some  months  in 
charge  of  mines  in  the  district  described,  and  that  he  would  be  able  to 
give  information  on  the  subject.  In  these  depressed  times  it  was  very 
well  to  know  where  a  little  gold  was  to  be  found.  Mr.  Liveing  concluded 
his  paper  by  saying  that  "  there  can  be  little  doubt  that,  with  economical 
management  and  modern  metallurgical  processes  they  might  be  worked 
at  a  profit  again."  He  would  like  to  point  out  to  the  young  members  of 
the  Institute  how  often  there  was  extravagant  expenditure  on  mines  of 
this  class.  If  they  would  be  content  to  make  a  little  profit,  and  then 
expend  that,  and  not  spend  all  their  capital  at  once,  such  works  would  be 
more  successful ;  rather  than  spend  the  whole  of  a  large  capital  at  once, 
and  then  find  the  place  high  and  dry  before  any  profit  is  realised. 
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The  President  said,  they  must  all  have  listened  with  great  pleasure 
to  this  admirable  paper.  It  was  most  interesting  to  them,  not  simply 
because  of  its  intrinsic  value,  but  also  as  coming  from  one  of  their 
own  members.  He  could  hardly  call  Mr.  Liveing  a  young  member  now. 
Mr.  Liveing  was  at  one  time  connected  officially  with  the  Institute,  as 
being  one  of  the  engineers  who  acted  on  the  Mechanical  Ventilation 
Committee.  There  were  one  or  two  points  in  the  paper  which  affected 
very  greatly  the  working  of  such  a  mineral  as  gold.  One  was  the 
extremely  low  rate  of  wages  paid  to  the  workmen  at  the  gold  mines,  and 
another  was  the  cheap  water  power  which  was  on  the  spot.  The  result  was 
that  it  might  be  quite  possible  to  work  gold  there  profitably,  which  could 
not  be  done  in  England,  where  they  would  have  to  pay  four  or  five  times 
the  rate  of  wages,  and  where  they  had  not  water-power  on  the  spot. 
Another  point  which  seemed  to  him  to  be  worth  drawing  special  attention 
to,  was  a  matter  which  he  was  not  sure  they  had  had  very  formally  brought 
before  them  before.  He  believed  it  would  have  considerable  interest, 
especially  at  the  present  day,  if  any  gentleman  who  had  had  experience  of 
foreign  mining  could  give  a  paper  on  the  system  of  concessions — the 
system  under  which  all  mines  were  worked  abroad.  In  almost  every  part 
of  Europe,  if  not  of  the  world,  excepting  in  England,  the  mines  belonged 
to  the  Crown;  and,  so  far  as  his  knowledge  went — he  spoke  under 
correction  from  any  gentleman  who  knew  better — concessions  could 
be  obtained  for  a  very  small  sura  in  the  first  instance.  He  believed, 
in  the  cases  mentioned  in  Mr.  Liveing's  paper,  the  charge  was  6s.  8d., 
there  being  simply  an  obligation  on  the  part  of  the  Concessionaire  to 
work  the  mine;  if  he  ceased  to  work  the  mine  his  concession  fell 
through.  The  amount  of  the  concession  area  was  very  limited,  and  the 
result  was  that  there  was  an  enormous  numl)er  of  these  concessions  in  a 
very  small  area.  When  a  company  came  forward  with  the  necessary 
capital  to  develop  the  mines,  they  were  often  embarrassed  by  the  great 
number  of  small  Concessionaries  who  had  to  be  bought  out.  Another 
point  to  be  borne  in  mind  was  this  :  they  heard  persons  who  did  not 
understand  the  subject  talk  of  mines  abroad  belonging  to  the  Crown,  and 
that  there  was  no  royalty  rent  paid.  That  might  be  so,  so  far  as  the 
first  Concession  were  concerned  ;  but  rarely  did  the  first  Concession 
work  the  mines;  for  no  sooner  were  they  proved  than  they  were  sold 
to  some  one  else  for  a  lump  sum  or  a  royalty:  and  so  the  concessions 
passed  through  several  hands  before  they  came  into  the  hands  of  the 
actual  workers.  He  knew  a  copper  mine  in  Spain,  where  the  present 
working  company  paid  a  royalty  lent  of  4s.  2d.  a  ton.     He  seconded  the 
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vote  oC  thanks   to    ]\Ir.    Liveiiig  for  his  paper,  aud  hoped  that  other 
young  members  who  went  abroad  would  remember  this  Institute,  and 
send  in  similar  valuable  contributions. 
The  vote  of  thanks  was  agreed  to. 


The  President  said,  the  paper  on  "The  Testing  of  Safety  Lamps;  an 
account  of  Professor  G.  Kreischer  and  Winkler's  experiments"  by  Professor 
Bedson,  was  now  open  for  discussion. 

Professor  Bedson  said,  he  had  no  further  information  to  give  on  the 
subject. 

There  was  no  discussion. 


The  President  said,  that  tlie  paper  by  Mr.  W.  J.  Bird  on  "  A  New 
System  of  Coal-getting,  with  Bui'nett's  Patent  Roller  Mining  Wedge  and 
Nicking  Machine  "  was  open  for  discussion. 

Mr.  W.  J.  Bird  read  the  following  supplementary  paper : — 
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ON  A  NEW  SYSTEM  OF  COAL  GETTING  WITH  BURNETT'S 
PATENT  ROLLER  MINING  WEDGE,  ETC. 


SUPPLEMENTARY  REMARKS. 


Since  the  date  of  the  writer's  paper  on  this  subject,  various  experi- 
ments have  been  made  both  in  stone  and  coal  at  Wingate  Grange  ColHery. 

The  Stone  Wedge  was  tried  for  taking  up  stone  in  the  Low  Main 
Seam,  and  taking  down  stone  in  the  Harvey  Seam.  In  the  first  instance 
a  bottom  canch  was  selected,  two  feet  thick  and  nine  feet  across.  The  wedge 
hole  was  drilled  in  the  middle,  and  the  whole  of  the  canch  full  width  and 
full  depth  was  lifted,  the  working  of  the  wedge  occupying  ten  minutes. 
The  stone  was  easily  pulled  away  by  "  pinches." 

In  the  Harvey  Seam  experiments  were  made  in  a  top  canch  of  grey 
metal,  eight  feet  across  and  one  foot  four  inches  thick.  A  diagonal  face 
was  here  exposed.  The  wedge  hole  was  drilled  near  the  left  nook  and 
the  stone  was  brought  down  right  across,  the  time  of  working  being 
twelve  minutes. 

Another  trial  was  made  at  a  top  canch  of  post  stone,  the  place  selected 
being  the  drop  of  a  three  feet  dip  hitch.  This  was  in  a  gateway  in  the 
goaf.  The  stone  was  promptly  detached,  but  remained  in  position 
supported  by  the  pack  walls  on  each  side  until  it  was  pulled  down  with 
a  "  pinch." 

The  coal  wedge  last  shown  was  of  one-and-a-half  inches  expansion, 
but  experiments  have  since  been  made  with  a  wedge  of  two-and-a-half 
inches  expansion,  and  as  mentioned  in  the  paper,  with  half-an-inch 
pitch  of  screw  instead  of  five-eighths.  It  has  been  found  that  there 
is  no  appreciable  difiFerence  in  the  power  required  for  working,  while  it 
has  a  wider  range  of  application.  This  wedge  has  been  tested  in  the 
Harvey  and  Low  Main  Seams,  which  are  soft  and  hard  coal  respectively. 

An  experiment  was  made  in  the  Low  Main  in  a  five  yard  bord,  in 
which  two  holes  were  drilled  one  foot  from  each  fast  end.  A  wedge  was 
placed  in  each  hole,  one  being  one-and-a-half  inch  expansion,  the  other 
two-and-a-half  inches.  The  one-and-a-half  inch  wedge  was  worked  home, 
while  the  two-and-a-half  inch  wedge  was  worked  about  two-thirds  of  its 
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travel.  It  was  then  worked  home  while  the  coal  came  down  right  across 
the  place  and  the  full  depth  of  the  Avedge  hole.  This  demonstrated  that 
"  nicking "  either  by  hand  or  by  the  method  described  in  the  paper,  is 
not  necessary  to  the  working  of  the  wedge.  In  a  previous  trial  where 
the  wedges  were  inserted  three  feet  from  each  nook,  the  coal  was  brought 
down  right  across,  to  within  one-sixth  from  each  nook. 

These  experiments,  in  addition  to  those  previously  made,  conclusively 
demonstrate  the  ample  power  which  the  Roller  Mining  "Wedge  can 
exert,  and  have  induced  the  inventor  to  attempt  wedging  the  coal  out  of 
the  solid  seam  without  any  "  kirving."  A  trial  was  accordingly  made  on 
the  28th  January.  On  the  side  of  a  bord  just  turned  away  a  hole  was 
drilled  the  usual  depth,  about  eight  inches  from  the  thill.  The  wedge 
was  inserted  and  was  found  to  be  easily  worked  with  one  hand.  A 
thickness  of  two  feet  of  coal  was  wedged  out  from  the  solid,  and  the 
fracture  extended  one  foot  beyond  the  depth  of  the  hole.  It  would  seem 
that  it  is  practicable  to  wedge  out  at  least  a  three  feet  block.  By  thus 
dispensing  with  kirving  it  becomes  possible  to  raise  the  proportion  of 
round  coal  obtained  to  eighty  per  cent,  and  upwards.  This  method  can 
be  applied  to  all  systems  of  working. 

The  inventor  has  patented  a  system  of  coal-getting,  intended  for 
Long  Wall  working,  where  compressed  air  is  adopted  as  a  motive  power. 
The  working  face  is  set  away  from  a  long  bord.  One  wedge  and  one 
drilling  machine  are  each  mounted  on  a  revolving  cradle,  which  in  turn 
are  mounted  on  a  suitable  tram.  A  small  motor  is  attached  to  both 
wedge  and  drilling  machine.  The  total  weight  of  wedge,  drilling 
machine,  f.nd  tram  will  not  exceed  five  cwt.,  and  the  total  height  can  be 
kept  within  two  feet.  The  usual  distance  between  wedge  and  drilling 
machine  might  be  one  yard,  but  it  could  be  modified  according  to  circum- 
stances. The  wedging  and  drilling  could  be  carried  on  simultaneously,  and 
as  block  after  block  of  coal  was  detached,  the  tram  could  be  moved  to 
each  successive  position  along  the  face.  For  ordinary  seams  only  one 
hole  per  yard  of  coal  would  be  required,  and  its  position  would  be 
determined  according  to  the  nature  of  the  top  and  bottom  partings  of 
the  seam.  In  very  thick  seams  after  the  bottom  portion  was  thus  blocked 
out,  the  superincumbent  mass  could  be  wedged  down  in  the  ordinary  way 
by  a  separate  wedge. 

In  very  thin  seams  where  height  has  to  be  made  for  ponies  and  tubs 
it  is  proposed  to  employ  shallow  tubs  or  hutches  to  bring  the  coals  to 
each  gateway  along  the  face,  there  to  be  transferred  to  the  ordinary  tubs ; 
the  engine  banks  being  kept  up  as  close  to  the  face  as  practicable. 
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The  reiinisite  inachincrv  for  working  on  this  system  is  in  process  of 
construction,  and  the  writer  hopes  to  contribute  at  an  early  date  another 
paper  giving  full  details  of  the  practical  working. 

It  is  anticipated  that  the  cost  of  motive  power  and  labour  in  tliis 
system  will  certainly  be  less  than  the  jjresent  hewing  costs,  while  shot 
firing  will  be  dispensed  with,  stone  work  lessened,  pit  room  reduced 
to  a  minimum,  and  the  proportion  of  round  coal  greatly  increased. 

For  hand  drilling,  a  machine  has  been  patented,  in  which  the  friction 
is  reduced  by  dispensing  with  the  screw  bar.  The  feed  is  regulated 
by  a  small  oil  pnmp  attached  to  the  machine.  The  apparatus  is  made 
very  portable,  the  feed  bar  being  telescopic  One  drill,  half  as  long  as 
the  required  depth  of  the  hole,  is  required. 


^Ir.  G.  Baker  Fouster  said,  that  without  going  into  the  merits  of 
this  particular  wedge,  he  would  like  to  say  that  it  would  be  a  dangerous 
thing  if  they  allowed  it  to  go  abroad  that  more  round  coal  could  be  got  by 
shooting  fast  than  by  kirving.  This  was  only  an  aggravated  resumption  of 
the  old  question  about  nicking,  which  was  at  one  time  a  source  of  trouble 
in  Noithumberland.  He  had  known  instances  of  men  shooting  coal  from 
a  board  or  wall,  without  any  kirving,  but  he  had  always  found  that 
the  coal  was  vei'y  much  shattered.  He  had  seen  coal  bi'ought  out  by 
Chubb's  machine,  but  the  coal  was  disintegrated,  not  from  any  fault  of 
the  machine,  but  from  the  want  of  kirving.  There  was  no  doubt  they 
could  drive  a  drift  in  any  stratum  without  any  nicking  or  kirving. 
They  could  drive  a  stone  drift,  and  in  Cleveland  they  drove  ironstone 
drifts,  without  any  kirving  or  nicking;  but  in  a  comparatively  tender 
material  like  coal  it  was  important  that  it  should  be  kirved.  In  Northum- 
berland, generally  speaking,  they  always  nicked.  If  they  found  a  set  of 
men  driving  a  drift,  and  they  could  get  a  little  soft  material  at  the 
bottom,  they  always  kirved  it  out,  knowing  it  would  require  less  force  to 
bring  the  rest  down.  It  stood  to  reason  that  when  coal  was  brought 
down  with  less  force  the  produce  of  round  would  be  greater. 

Mr.  Lawrence  asked  if  the  side  movement  of  the  wedge  was  1^  inches 
or  only  |  inch  ?  for  if  the  latter,  he  imagined  it  would  simply  be  sufficient 
to  bed  itself  into  the  coal,  and  not  bring  it  down.  He  thought  it  would  be 
more  applicable  to  stone  than  to  coal.  "With  regard  to  wedging  down  coal 
out  of  the  solid,  he  agreed  with  what  Mr.  Forster  had  said,  that  the  coal, 
under  such  circumstances,  would  be  lessened  in  value  because  it  would 
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be  shattered.  There  conld  be  no  mistake  about  that.  The  force  of 
bringing  down  the  coal  when  undercut  was  comparatively  small.  Were 
the  wedges  steel  ? 

Mr.  Bird— Yes. 

Mr.  Steavenson  said  he  had  no  doubt  that  this  was  a  very  good 
wedge,  but  whether  it  was  absolutely  the  best  he  could  not  at  present  say, 
neither  did  he  know  whether  they  should  agree  which  was  the  best 
wedge.  The  great  advantage  was  that  it  was  drawn  into  the  feathers 
instead  of  being  forced  between  them.  He  thought,  however,  that  Mr. 
Eamsay  was  the  first  who  introduced  drawing  as  in  contra-distinction  to 
forcing  as  applied  to  coal -wedges.  With  an  apparatus  which  he  had  at 
work,  the  invention  of  Mr.  W.  Ramsay,  the  men  had  not  yet  been  able 
to  make  the  county  average,  but  they  were  not  very  far  short  of  it ;  he 
hoped  they  would  soon  reach  the  level  which  the  men  who  used  powder 
made.  He  would  be  glad  to  let  any  one  see  it  at  work,  and  would  be 
obliged  if  Mr.  Bird  would  arrange  to  let  them  see  his  at  work.  The  time 
was  approaching  when  there  would  be  more  restrictions  on  the  use  of 
powder,  and  the  sooner  they  got  wedges  into  operation  the  better. 

Mr.  Bird  said,  that  with  regard  to  the  blocking  out  of  coal  having  a 
tendency  to  shatter  it,  he  would  point  out  that  the  wedge  had  been  used 
to  block  down  not  vertically  but  horizontally.  In  the  experiments  there 
was  not  the  slightest  appearance  of  shattering  the  coal ;  it  was  brought 
out  in  one  block.  As  to  Mr.  Lawrence's  remarks,  only  |  inch  of  the  expan- 
sion was  on  the  bar,  the  other  |  inch  was  divided  between  the  feathers.  As 
to  Mr.  Steavenson's  remarks,  he  did  not  intend  his  paper  to  make  any 
invidious  comparison  between  different  inventions.  He  had  only  pointed 
out  the  action  of  this  particular  wedge.  He  had  no  doubt  Mr.  Burnett 
would  be  glad  to  let  the  machine  be  tested  in  any  way.  He  agreed  with 
Mr.  Steavenson's  remark  that  the  time  was  approaching  when  there  would 
have  to  be  something  done  in  connection  with  the  working  of  coal,  owing 
to  restrictions  on  shot-firhig. 

Mr.  (x.  B.  FoRSTER  said,  that  in  the  case  he  referred  to,  the  coal 
was  forced  out  with  a  loose  side,  and  it  was  found  to  be  damaged.  In 
firing  shots,  when  men  attempted  to  fire  without  any  kirving,  they  did 
not  point  the  shot  downwards,  but  sideways  to  blow  the  coal  out.  The 
shot  was  made  to  act  horizontally  and  not  vertically,  and  therefore  he 
thought  that  the  action,  so  far  as  he  could  judge,  was  the  same  as  that  of 
the  wedge. 

Mr.  Bird — Perhaps  there  may  have  been  something  in  the  Low  Main 
coal  particularly  favourably  to  the  use  of  this  wedge. 
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Mr.  0.  B.  FoRSTER — In  the  Nortluimberlaud  Low  Main  the  partings 
are  uuequal.  It  should  not  go  forth  in  this  district  that  the  wedge  will 
do  the  work  of  kirving,  because  it  might  greatly  raise  the  percentage  of 
small. 

The  President  said,  they  were  obhged  to  Mr.  Bird  for  the  information 
he  had  given  them  upon  this  important  matter.  He  thought,  however, 
they  should  not  allow  themselves  to  go  away  with  the  idea  that  this 
wedge  was  absolutely  successfal.  He  thought  there  was  a  great  deal  to  be 
done  yet  before  they  could  substitute  any  mechanical  means  for  gunpowder, 
and  that  they  should  be  very  careful  before  they  concurred  in  any  idea 
that  they  could  do  away  with  the  use  of  gunpowder.  This  was  a  matter 
of  very  serious  import  to  the  general  industry  of  the  country  at  large  ; 
and  those  interested  iu  mines,  and  many  of  the  workmen  themselves, 
were  not  of  opinion  that  they  were  hkely  to  be  able  to  do  without  gun- 
powder. They  must  reserve  their  decision  on  that  matter  until  some 
appliance  was  brought  before  them  which  was  proved  absolutely  successful. 
The  termination  of  Mr.  Bird's  paper  read  as  if  they  were  getting  to 
where  Mr.  Liveing  had  taken  them — that  they  had  been  getting  into  a 
gold-field  again.  If  any  gentleman  could  suggest  a  way  to  carry  this 
out,  it  would  be  like  bringing  a  gold-field  into  their  district.  They 
must  wait,  however,  until  actual  practice  had  proved  the  success  of 
this  machine. 


The  next  paper  for  discussion  was  on  "The  Loss  of  Life  in  Mines"  by 
Mr.  W.  J.  Bird. 

Mr.  Bird  said,  his  paper  was  only  a  statistical  paper,  showing  the  pro- 
portion of  loss  of  life  in  mines.     He  had  nothing  to  add  to  it. 

The  President — A  paper  of  this  kind  is  more  for  reference  than 
discussion.     No  doubt  it  will  be  valuable  for  reference. 

This  concluded  the  business  of  the  meeting. 
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GENERAL  MEETING,  SATURDAY,  APRIL  10th,  1886,  IN  THE  WOOD 
MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


JOHN    DAGLISH,  Esq.,  Peesident,  in  the  Chair. 


The   Skcretary   read  the   minutes  of  the  previous  meeting,  and 
reported  the  proceedings  of  the  Council. 

The   following    gentlemen    were    elected,   having    been    previously 
nominated  : — 

Ordinaet  Members — 
Mr.  John  Davis.  Hartley  House,  Couudon. 
Mr.  Robert  Knowles.  Arncliffe,  Cheetham  Hill,  Manchester. 

Associate  Members — 
Mr.  Alfred  H.  Bennett,  Dean  Lane  Collieries,  Bedminster,  Bristol. 
Mr.  Robert  Michael  Brown,  Norwood  Colliery,  Darlington. 


The  following  gentlemen  were  nominated  for  election : — 

Associate  Members — 
Mr.  James  Holmes,  Mining  Engineer,  Rat.  Portage,  Ontario,  Canada. 
Mr.  Henry  Musgrave,  Mining  Engineer,  Havercroft  Main  Colliery,  Wakefield. 
The  Honourable  Charles  Algernon  Parsons,  Engineer,  Messrs.  Clarke,  Chapman, 

&  Parsons,  Gateshead. 


The  following  paper  by  Mr.  J.  D.  Kendall,  C.E.,  F.G.S.,  on  "  The 
Iron  Ores  of  the  English  Secondary  Rocks"  was  taken  as  read: — 
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THE  IRON  ORES  OF  THE  EXGLISH   SECONDARY  ROCKS. 


By  J.  D.  KENDALL,  C.E.    F.G.S. 


L— INTRODUCTORY. 

Thirty  vears  a^o  the  bulk  of  the  ore  used  in  British  iron  manufacture 
was  obtained  from  the  Carboniferous  rocks,  and  only  about  10  per  cent, 
came  from  the  Secondaries.  Now,  about  56  per  cent,  of  the  raise  comes 
from  these  rocks,  as  will  be  seen  by  the  following  table  : — 

Gee  Raised  a>d  Consumed  in  the  United  Kingdom. 

In  1855.  In  18S4. 

From  the  Secondary  rocks 1,044.384  9,033,040 

,.         Carboniferous  rocks            7,478.860  6.934,605 

Other  rocks              30,497  165,242 


Total 9,553,741      16,137,887 


The  fall  that  has  taken  place  in  the  quantity  of  ore  coming  from  the 
Carboniferous  rocks  is  confined  almost  entirely  to  the  earthy  carbonates 
of  the  Coal-measures,  as  there  has  been  a  very  considerable  increase  in  the 
oxides  yielded  by  the  Carboniferous  Limestone.  This  will  be  rendered 
clear  by  the  table  that  follows  : — 

Oee  Raised  feom  the  CAEsoNiFEEors  Rocks  of  the  United   Kingdom. 

In  1855.  In  1884. 

Carbonates,  mainly  from  the  Coal-measures      ...       7.848,635         4,271.612 
Oxides,  from  the  Carboniferous  Limestone        . . .  630,225         2,662.993 


Total       8,478,860         6.934,605 


It  is  thus  seen  that  the  output  from  the  Coal-measures  has  during  the 
time  embraced  in  these  tables  fallen  about  46  per  cent.,  whilst  that  from 
the  Secondary  rocks  has  increased  nearly  900  per  cent. 

Notwithstanding  this  enormously  increased  importance  of  the  ores 
from  the  Secondary  rocks  comparatively  little  is  known  regarding 
them,  with  the  exception  of  Cleveland  and  Northamptonshire.  A  list  of 
the  more  important  works  containing  references  to  the  subject  of  this 
paper  will  be  found  below. 

1857.  Outline  of  the  Main  or  Stratified  Ironstone  at  Cleveland.  By  John  Marley. 
Transactions  of  the  Institute  of  Mining  and  Mechanical  Engineers. 
Vol.  V. 

VOL.  XXXV.-18S6.  0 


10(] 


THE  IROX  ORES  OF  THE  ENGLISH  SECONDARY  ROCKS. 


1857-8.     Ironstone  of  Rosedale  Abbey.      By  Joseph   Bewick.      Transactions  of  the 

Institute  of  Mining  and  Mechanical  Engineers.     Vol.  VI. 
I858-9.     Magnetic  Ironstone  in  Rosedale.     By  Nicholas  Wood.     Transactions  of  the 

Institute  of  Mining  and  Mechanical  Engineers.     Vol.  VII. 
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Partial  Description  of  the  Secondary  Rocks. 
The  ores  to  be  described  in  this  commnnication  occur  in  the  Jurassic 
and  Cretaceous  rocks,  which  may  be  sub-divided  as  below. 
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Cretaceous. 


Upper. 


Lower. 


Jurassic. 


Upper  Oolitic. 


Middle 


Lower 


\      Liassic. 


Chalk. 

Upper  greensand. 
Gault. 
Neocomian. 
Purbeck  beds. 
Portland     „ 
Klmmeridge  clay. 
Coralline  rocks. 
Oxford  clay. 
Cornbrash. 
Forest  marble. 
Great  Oolite. 
Fuller's  earth. 
Inferior  Oolite. 
Upper  Lias. 
Middle    ,. 
Lower      ., 
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It  is  only  intended  to  notice  those  ores  that  either  arc  or  have,  in 
recent  times,  been  worked  somewhat  extensively.  These  all  occnr  below 
the  Gault,  and  are  confined  to  a  few  horizons,  as  will  be  seen  on  reference 
to  Plate  X.  The  rocks  in  which  they  are  found  rise  to  the  surface  in 
two  main  areas ;  one  forms  an  irregular  band  extending  from  the  sea 
coast  on  the  north  of  Yorkshire  to  that  on  the  south  of  Dorsetshire, 
a  distance  of  about  300  miles.  Its  maximum  breadth  is  about  58  miles. 
Its  minimum  less  than  a  quarter  of  a  mile.  The  other  area,  which  is 
much  smaller,  occurs  in  the  counties  of  Hampshire,  Surrey,  Sussex,  and 
Kent.  Although  famous  as  an  iron  making  district  upwards  of  200 
years  ago  this  area  does  not  now,  and  has  not  for  more  than  50  years, 
produced  any  iron  ore,  for  the  simple  reason  that  it  is  too  far  from  the 
coal-fields.  In  its  days  of  prosperity  there  was  plenty  of  timber  from 
which  charcoal  could  be  made.  Both  the  areas  referred  to  are  shown  on 
Plate  XI.,  Fig.  1.,  the  larger  being  coloured  in  bands  of  yellow,  crossed 
horizontally  with  black,  plain  yellow  and  green  stippled  (lettered  a,  h,  c,), 
to  indicate  the  relative  areas  occupied  by  the  Liassic,  Oolitic,  and 
Neocomian  rocks  respectively.  The  smaller  area  (lettered  c),  coloured 
green  and  stippled,  contains  only  rocks  of  Neocomian  age.  Plate  XL, 
Fig.  2  also  gives  a  generalised  section  of  the  strata  in  the  larger  area. 
Generally  speaking  the  dip  of  the  beds  in  that  area  is  to  the  S.E.,  as  shown 
on  the  section.  The  angle  of  dip  is  usually  low,  and  the  beds  are  at 
times  nearly  level.  This  south-easterly  dip  is  in  a  great  measure  due  to 
the  thinning  of  the  beds  in  that  direction,  as  shown  in  Figs.  3  and  4, 
which  are  taken  along  approximately  N.W.  and  S.E.  lines. 

The  different  members  of  the  Jurassic  system  are  fairly  conformable 
to  one  another,  and  so  are  those  of  Cretaceous  age,  which  have  to  be  dealt 
with;  but  there  is  a  great  unconformity  between  the  two  rock  systems. 
This  will  be  best  understood  by  reference  to  Plate  XI.,  which  shows  how 
the  Cretaceous  rocks  overlap  those  of  the  system  below.  South  of  the 
Wash  there  is  a  broad  band  of  Oolitic  rocks  between  the  Lias  and 
Neocomians,  but  as  the  Humber  is  approached  this  band  becomes 
gradually  narrower,  and  at  about  12  miles  north  of  that  river  it  dis- 
appears altogether,  and  the  Cretaceous  rocks  rest  directly  upon  the  Lias. 
The  unconformity  is  equally  marked  in  other  areas,  but  the  general 
colour  adopted  for  the  Oolitic  rocks  in  Plate  XL  does  not  permit  it  to  be 
shown. 

On  reference  to  Plate  X.  it  will  be  seen  that  there  is  a  considerable 
difference  in  the  thickness  of  the  various  members  of  both  tiic  Liassic 
and  Oolitic  rocks  as  they  occur  between  Yorkshire  and  Wiltshire.     Ihis 
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arises  mainly  from  the  south-easterly  attenuation  of  the  strata  already 
pointed  out.  There  are  also  important  changes  in  the  lithological 
characters  of  some  of  the  rocks,  as  will  appear  from  the  following  sum- 
mary of  those  characters  exhibited  by  the  formations  in  different  parts  of 
their  course. 

Lower  Lias  may  be  said  to  consist  generally  of  blue  shaly  clay,  with 
a  few  thin  beds  of  limestone  in  its  lower  part,  especially  near  the  base. 

Middle  Lias,  or  marlstone,  is  divisable  into  two  parts.  The  upper, 
or  "  rock  bed, "  consisting  of  argillaceous  limestone  generally,  but  some- 
times partly  or  wholly  of  argillaceous  or  calcareous  ironstone,  the  lower 
member  includes  sands  (sometimes  sandstones)  and  clay  or  shale. 

Upper  Lias. — This  formation  consists  generally  of  bluish  shaly  clay 
with  nodules  of  earthy  limestone,  but  at  places,  as  in  Cleveland,  it  includes 
grey  silvery  shales. 

Inferior  Oolite. — This  is  perhaps  the  most  variable  formation  of  any 
that  has  to  be  dealt  with,  and  has  given  most  trouble  to  geologists. 
In  Wiltshire  it  consists  entirely  of  calcareous  rocks.  In  Mid-Oxford- 
shire it  is  also  calcareous,  but  the  thickness  is  greatly  reduced,  and  it 
appears  to  be  the  equivalent  of  only  the  uppermost  part  of  the  formation 
as  developed  in  Wiltshire,  the  lower  portion  having  thinned  off  in  the 
manner  already  alluded  to  before  reaching  this  part  of  Oxfordshire.  In 
Northamptonshire  the  formation  consists  largely  of  sands  and  sandstones, 
the  upper  part  in  places  containing  irregular  calcareous  beds.  The  lower 
part  frequently  occurs  as  an  iron  ore.  In  Mid-Lincolnshire  it  presents  two 
separate  divisions  over  a  considerable  area.  The  lower  part  being  iron 
ore,  the  upper  limestone  (the  Lincolnshire  limestone).  In  north  York- 
shire the  formation  is  made  up  of  alternations  of  sandstone  and  shale, 
known  as  the  Estuarine  series,  in  which  a  bed  of  limestone  called  the 
Millepore  bed  occurs  at  about  three-quarters  up.  The  rocks  between 
the  Inferior  Oolite  and  the  Coral  Rag  do  not  contain  iron  ore  in 
workable  quantities,  so  far  as  is  known,  so  that  it  will  perhaps  be 
unnecessary  to  notice  them  at  present,  and  the  rocks  associated  with  the 
ore  of  the  Coral  Rag  and  the  Neocomians  will  be  described  later  on. 

ii.— detailed  description  of  the  ores. 

In  the  Lower  Lias. 

The  only  deposit  of  ore  in  these  rocks  that  has  been  worked  up  to 
the  present  time  occurs  at  Frodingham  in  north  Lincolnshire.  Its 
vertical  position  is  shown  on  Plate  X.  For  a  long  time  it  was  considered, 
and  perhaps  by  some  is  still  thought,  to  be  the  equivalent  of  the  Cleve- 


THE  IRON  ORKS  OF  THE  ENGLISH  SECONDARY  ROCKS.  109 

land  main  bed,  lint  tliere  is  now  not  an}'  donbt  whatever  that  it  is  in  a 
much  lower  ocoloojcal  horizon.  It  occurs  in  the  zone  of  A.  Hemicostatus, 
which,  in  Cleveland,  is  about  480  feet  below  the  main  seam  of  ore, 
altlumuh  at  Frodingham  it  is  only  about  161  feet  below  the  equivalent  of 
that  bed,  owinu*  to  the  south-easterly  attenuation  of  the  rocks  previously 
mentioned.  Plate  XII.  will  explain  the  main  geological  features  of  the 
district  around  Frodingham.  It  shows  that  the  ore  occurs  in  the  form 
of  a  bed  with  a  gentle  inclination  towards  the  east.  The  maximum 
thickness  of  the  bed  is  only  about  25  feet,  but  owing  to  its  slight  dip, 
combined  with  the  level  nature  of  the  ground,  its  outcrop  occupies  a  wide 
stretch  of  country. 

The  geological  horizon  in  which  the  ore  occurs  is  exhibited  in  Plate 
X.,  as  well  as  in  Plate  XII.,  but  it  will  be  made  still  clearer  by  section 
Fig.  1,  Plate  XIII.,  obtained  in  sinking  a  shaft  to  the  ore  between 
Appleby  village  and  the  railway  station.  Below  the  main  bed  of  ore, 
to  the  bottom  of  the  Lias,  there  is  probably  about  200  feet  of  bluish 
clay  with  thin  limestones.  The  Ammonites  mentioned  on  the  right  of 
the  section  were  not  found  in  the  sinking,  but  in  corresponding  beds  not 
lar  from  it. 

The  working  of  the  ore  bed  is  at  present  confined  to  its  outcrop,  and 
to  the  dip  side  thereof.  The  "rise"  part  of  the  bed  under  the  village  of 
Frodingham,  and  to  the  west  is  not  considered  worth  working.  "Where 
the  ore  is  being  got  it  is  merely  covered  by  fine  yellow  sand,  varying 
from  1  to  20  feet  in  thickness.  The  diagramatic  section,  Fig.  2,  Plate 
XIII.,  will  perhaps  explain  better  than  many  words  the  general  appear- 
ance of  the  outcrop. 

As  already  mentioned,  the  working  is  confined  to  the  dip  side  of  the 
outcrop,  that  is,  between  /  and  g  on  the  above  section,  as  will  also  appear 
on  examining  Plate  XII.  The  bottom  part  of  the  bed  D  being  very 
low  in  iron,  and  the  workable  portions  above  it  containing  three  limestone 
bands  in  its  lower  half,  it  will  readily  be  understood  why  the  deposit 
under  Frodingham  and  to  the  west  is  so  much  inferior  to  the  eastern 
part  of  the  outcrop.  The  greatest  thickness  of  the  workable  part  of  the 
ore  bed  may  perhaps  be  taken  at  16  feet,  and  the  average  at  about  12 
feet.  When  looked  at  from  a  little  distance,  the  ore  has  a  distinctly 
bedded  appearance,  which  is  decidedly  increased  by  the  occurrence  of  the 
calcareous  bands  as  they  are  of  a  much  lighter  colour  than  the  more  orey 
parts  of  the  bed.  But,  apart  fi-om  these  lighter  coloured  bands,  the  ore 
itself  is  distinctly  bedded — the  beds  being  thin  and  irregular  as  in  section, 
Fig.  ?>,  Plate  XIII.     The  general  colour  of  the  ore  is  snuffy  brown. 


no 
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The  laminations  of  the  top  layer  A  are  much  thinner  than  any  of 
those  below,  and  they  are  much  more  broken  up.  They  seem  to  have 
been  subjected  to  some  disturbance,  as  the  small  thin  pieces  in  which  tlie 
ore  now  exist  form  anticlinals  and  synclinals  almost  throughout,  as 
shown  above.  This  part  of  the  bed  is  also  much  less  compact  than 
those  below. 

Sometimes  in  the  midst  of  the  brown  ore  a  nodule  or  a  discontinuous 
layer  of  nodules  of  greenish  or  greyish  ore  may  be  seen,  especially  in  the 
lower  part  of  the  bed,  in  fact  they  seem  to  be  entirely  absent  from  the 
upper  part.  They  have  usually  a  flattened  form,  and  the  brown  ore 
immediately  adjoining  them  is  darker  and  much  more  compact  than  the 
rest.  The  ore  reached  by  the  sinking  between  Appleby  and  the  station 
was  entirely  green  and  grey.  Both  the  brown  and  the  green  ore  have  a 
prevaihng  pelatic  appearance,  though  both  are  oolitic  in  places.  This 
structure  occurs  in  a  very  interrupted  manner,  but  still  it  is  so  fi'equent 
that  a  piece  of  the  size  of  a  man's  hand  is  almost  sure  to  exhibit  it  to 
some  extent.     Many  of  the  oolitic  grains  are  hollow. 

The  limy  bands,  which  graduate  both  above  aud  below  into  the  ore, 
contain  numerous  fossils,  and  so  does  the  ore,  the  same  species  being 
found  in  both.  The  prevailing  forms  belong  to  the  genera  Cardinia  and 
Gryphcea.  So  abundant  is  Gryphcea  incurva  that  one  or  more  specimens 
may  be  found  in  almost  every  piece  of  any  size  that  is  lifted.  The  Rev. 
J.  E.  Cross  *  who  has  devoted  considerable  time  to  the  geology  of  the 
district,  has  obtained  from  the  one  bed  a  great  variety  of  organic  remains, 
as  shown  by  the  following  list : — 


Ammonites  Bucklaiidi,  (?)  Smo. 
„  Conybeari,  Soro. 

„  semicostatus,  I'and  B. 

„  Brookii,  Querist. 

„  aureus,  Dumortier. 

„  Gmundensis,  Dumortier. 

„  Boucaultianus,  D'Orb. 

,,  Scipionanus,  C)  Quenst. 

,,  compressarius,  (?)  Quenst. 

Nautilus  striatus,  Soio. 
Belemnires  acutus,  Mill. 
Pleurotomaria  anglica.  Sow. 
Tancredia  ferrea,  n.  sp. 
Cardinia  gigantea,  Quenst. 
„         Copides,  (?)  Ryckh. 
„         crassissima.  (?) 
„         Morrisii,  (?)  Terq. 
,.         n.  sp. 
Astarte  dentilabrum,  Ether. 


CucuUea  ovum,  Quenst. 
Pholadomya  ambigua,  Sow. 
Myoconcha  oxynoti,  Quenst, 
Modiola  oxynoti,  Quenst. 
„        Morrisii,  Oppel. 
Hippopodium  ferri,  n.  sp. 
Gervillia  betacalcis,  Quenst. 
Lima  gigantea,  Sow. 

„  ,,  small  var. 

„      Hermanni,  Voltz. 

„     hettangiensis,  Terq. 

„     Dupla  Quenst. 
Pecten  sequalis,  Quenst. 

„        durissus,  large  smooth. 

„        Texturatus,  Goldf. 
GryphfEa  incurva,  Sow. 
Carpentaria,  sp.  (Terquemia), 
Spiriferiua  Walcotti,  Sow. 


*  Geology  of  N.W.  Lincolnshire.     Quart.  Journ.  Geo.  Soc,  Vol.  XXXI..  1875. 
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^NFost  of  the  shells  retain  their  limy  character,  but  in  some  the  lime  has 
been  partly,  in  others,  wholly  replaced  by  carbonate  or  hydrated  peroxide 
of  iron. 

The  quality  of  the  bed  is  very  unequal  in  its  different  layers.  The 
variations  will  perhaps  be  best  illustrated  by  tlie  method  adopted  in  the 
Table  below ;  the  analyses  therein  given  were  made  soon  after  the  samples 
had  been  taken  from  the  bed,  so  that  the  percentages  of  hygroscopic  water 
in  them  are  very  nearly  the  proportions  which  actually  exist  in  the 
different  parts  of  the  bed  in  situ. 
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It  will  be  seen  from  these  analyses  that  the  bulk  of  the  ore  is  a 
hydrated  peroxide,  not  very  rich  in  iron,  but  that  it  is  best  at  the  top. 
In  the  course  of  working,  a  considerable  proportion  of  the  limy  beds  is 
rejected,  but  even  then  the  average  yield  of  the  ore  passed  through  the 
furnaces  is  only  about  27  or  28  per  cent,  of  iron.  This  low  yield  is 
compensated  by  the  ease  with  which  the  oi-e  is  wrought,  and  the  fact  that 
the  furnaces  for  smelting  it  have  been  built  on  the  spot.  The  hio-h 
percentage  of  carbonate  of  lime  throughout  the  greater  part  of  the  bed  is 
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very  conspicuous,  much  of  it  is  probably  due  to  the  large  number  of 
shells  in  the  ore,  but  it  also  exists  apart  from  these,  and  in  a  mechanical 
condition  too,  as  some  of  the  poorer  brown  ore,  where  shells  are  absent, 
effervesce  very  briskly  when  wetted  with  acid.  The  best  ore  does  not  so 
effervesce.  On  account  of  the  excess  of  lime,  the  ore  generally  has  to  be 
mixed  in  the  furnace  with  about  5  or  6  per  cent,  of  siliceous  ore  from 
Mid-Lincolnshire.  Beds  A  and  B  in  the  above  analyses  it  will  be  seen  are 
much  higher  in  silica  than  any  of  the  others.  This  is  probably  owing 
to  some  of  the  overlying  sand  having  found  its  way  into  the  numerous 
crevices  which  exist  in  A  and  B,  especially  in  the  former  ;  but  the  sand 
would  separate  itself  naturally  from  the  ore  in  the  process  of  working,  so 
that  the  yield  of  iron  in  these  two  parts  of  the  bed  as  they  reach  the 
furnaces  is  probably  5  per  cent,  higher  than  is  shown  in  the  above 
analyses  and  the  silica  proportionately  less. 

The  average  of  eleven  analyses  gives  the  following  as  the  percentage 
weights  of  the  more  important  earths,  etc.,  contained  in  the  ore  : 

Silica 

Alumina    ... 
Lime 
Magnesia  ... 

Below  is  an  analysis  of  one  of  the  greenish  kernels  which  are  found 
amid  the  brown  ore  : — 

Water  at  212°  F 5-31 

Combined  water  and  organic  matter            ...         ...  5'31 

Peroxide  of  iron           12-87 

Protoxide  of  iron          ...          ...          ...          ...          ...  14'83 

Oxides  of  alnmina  and  manganese    ...         ...         ...  4'89 

Lime      2078 

Magnesia           ...         ...         ...         ...         ...         ...  2'26 

Phosphoric  acid            ...         ...         ...         ...         ...  I'OO 

Carbonic        „ 23-82 

Sulphuric       „ trace 

Bi.sulphide  of  iron        ...          ...          ...          ...          ...  '26 

Insoluble  silicious  matter        ...         ...         ...         ...  8-67 


Average. 

Extremes  of  Variation. 

11-78 

5-55— 24-40 

4-68 

3-30—  6-62 

9-51 

179—13-93 

1-66 

•58—  3-02 

10000 


Metallic  iron 20-GS 

Some  of  these  kernels  yield  above  30  per  cent,  of  metallic  iron,  others 
less  than  20  per  cent.  They  also  contain  a  considerable  quantity  of 
carbonate  of  lime,  much  of  which  seems  to  be  in  mechanical  combination, 
as  the  ore,  when  treated  with  acid,  effervesces  fi-eely. 

The  average  specific  gravity  of  the  brown  ore  is  about  2*8,  but  it  is 
very  porous,  as  shown  by  the  fact  that  it  absorbs  from  15  to  30  per  cent. 
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of  its  A'olume  of  water,  even  \Yhcn  in  an  air-dried  condition.  The  great 
practical  importance  of  this  fact  wili  be  better  appreciated  when  it  is 
stated  that  in  dry  weather  a  ton  of  iron  can  be  made  with  5  cwts.  less  ore 
than  is  requisite  in  wet  weather. 

The  ore  was  first  worked  about  the  year  1859  ;  the  aniinnl  quantity 
obtained  since  is  given  in  the  following'  table : — 


Years. 
1859 
18G0 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 


Tons. 

Years 

2,000 

1872 

16.192 

1S73 

32,709 

1874 

50,323 

1875 

69,618 

1876 

74.619 

1877 

121,958 

1878 

175,720 

1879 

192.213 

1880 

193,645 

1881 

182.378 

1882 

176,689 

1883 

177,739 

Tons. 

191,792 
271.991 
360,352 
447.1 18t 
428,S91t 
3,-i7,577t 
573,106t 
615,853t 
971,6l7t 
851,339t 
1,090,171  + 


t  Including  Caythorpe. 


Ix  THE  Middle  Lias. 

More  ore  is  raised  in  the  United  Kingdom  from  this  formation  than 
from  any  other,  Tt  all  comes  from  one  geological  horizon — the  "  Rock 
Bed  ■'  or  upper  part  of  the  iliddle  Lias,  and  most  of  it  from  one  locality — 
Cleveland.     The  description  will  therefore  begin  with  that  district. 

Cleveland. — The  development  of  the  Lias  here  is  partly  shown  in 
Plate  X.  (Section  X.  Yorkshire),  but  it  will  be  better  understood  with  the 
help  of  the  following  general  section. 


Upper  Lias.    ■{ 


MiiUUc  Lias.  J 


DooGEE  Seeies  (Infebior  Oolite). 
I    Shale,  with  cement  stone  nodules      Ft.  In. 
(alum  sliale  series) 
Shale,  with  doirgt'i"  (jet  rock  series) 
Grey  shale,  with  doggers 
Ironstone  (Main  Seam) 
Sliale,  with  doggers 
Ironstone  (Bottom  Seam) 
Shale,  with  nodules  of  clav  ironstone 
Ironstone  in  thin  bands 
Shale  with  ferruginous  doggers 
Sandstone,  sometimes  Haggy,  cal- 
careous, and  ferruginous 

A.  capricornnsJamesoni, 
armatns  oxynotus 
Bucklandi,  angul- 
atus,  and  planorbis. 

*  Since  1874  these  figures  cainiot  be  compared  with  one  another,  as  districts  are 
given  in  separately  in  some  years  that  are  combined  in  others. 
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0 

A. 

communis. 

48 

0 

A. 

serpentinus. 

30 

0 

A. 

a)inulatus. 

11 

10 

6 
6 

Ia. 

spinatus. 

2 
20 

9  - 
0 

1 
30 

9 
0 

.  A. 

margaritatu; 

40 

0 

Lower  Lias. 


j    Shales,  with  numerous  thin  lime- 
(       stones  in  the  lowest  300  feet 


700     0 
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In  dividing  this  section  into  Upper,  Middle,  and  Lowei-  Lias,  litho- 
logical  characters  have  been  considered  rather  than  pal?eontological  as 
being  more  useful  in  practice. 

The  main  seam  of  ironstone  is  the  only  one  that  has  been  wrought 
extensively,  though  a  lower  seam  has  also  been  worked  in  one  part  of  the 
district.  The  Main  Seam  is  known  to  extend  over  a  very  large  area, 
probably  exceeding  350  square  miles,  but  the  area  over  which  it  can  be 
profitably  worked,  at  least  for  many  years  to  come,  is  much  less  than 
this,  probably  not  a  fifth  of  it,  and  may  be  said  to  lie  mainly  within  the 
area  embraced  in  Plate  XIV.,  though  at  Grosmont,  outside  that  area,  a 
considerable  quantity  of  ore  has  also  been  raised,  but  that  came  only  in 
part  from  the  Main  Seam  and  partly  from  another  and  lower  seam.  The 
INIain  Seam— so  far  as  is  known — may,  approximately,  be  said  to  lie  within 
a  triangle,  having  one  of  its  angles  at  Eedcar,  another  at  Kobin  Hood's 
Bay,  and  the  third  at  Thirsk. 

The  general  dip  of  the  bed  and  of  the  strata  in  which  it  occurs  is  to 
the  S.E.  at  a  low  angle,  about  1  in  15  perhaps  on  an  average,  but  there 
are  numerous  variations  and  even  reversals,  where  the  rocks  are  thrown 
into  gentle  undulations  or  are  disturbed  by  faults. 

Except  at  its  outcrop  the  bed,  throughout  its  known  area,  is  covered 
by  the  Upper  Lias,  and  for  a  great  part  of  that  area  by  the  Inferior 
Oolite  as  well. 

The  outcrop  of  the  ore  bed  is,  as  a  rule,  narrow,  as  shown  on  Plate 
XIV.,  which  is  partly  after  Tate  and  Blake.*  The  contracted  width  is 
owing  to  the  general  steepness  of  the  ground  where  the  bed  comes  to  the 
surface — a  rather  striking  feature  in  the  physical  geography  of  Cleveland 
— which  arises  partly  from,  the  comparatively  soft  shales  of  the  Upper 
Lias  being  covered,  and  therefore  partly  protected  from  denudation  by 
the  harder  sandstones  of  the  Lower  Estuarine  series,  and  partly  from  the 
fact  that  the  ore  is  underlain  as  well  as  overlain  by  soft  shale  as  shown  on 
Plate  XIII.,  Fig.  i. 

In  consequence  of  the  narrowness  of  the  outcrop  very  little  of  the 
ore  could  be  worked  "opencast."  The  bulk  of  it  therefore  has  had  to 
mined.  Some  of  it,  as  at  Eston  and  Uplentham,  etc.,  has  been  worked 
by  inclined  drifts  from  the  outcrop.  In  other  cases,  shafts  have  been 
sunk,  and  some  of  them  are  of  consideral)le  depth ;  one  recently  put 
down,  at  Lumpsey,  being  over  60(»  feet.  The  North  Skelton  pit  is  up- 
wards of  7-40  feet  and  the  Kilton  pit  is  about  (580  feet. 

The  thickest  and  perhaps  the  best  part  of  the  bed  is  along  its  out- 

*  yoikshiru  Lias. 
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rrop  by  Normnnby,  Estoii,  and  Upleatliain,  whence  it  becomes  gradually 
reduced  in  thickness  towards  tiie  S.E.  until  the  hue  AB  on  Plate  XIV. 
is  reached.  Along'  that  Une  a  thin  shale  u})pear.s  near  the  middle 
of  the  lire.  This  shale  increases,  and  tlie  two  beds  of  ore  diminish,  in 
thickness  on  to  bne  CD,  where,  perhaps,  tlie  hmit  of  the  workable  bed 
is  reached  ;  at  least,  it  is  very  unlikely  that  it  will  be  worked  on  the  S.E. 
side  of  CI),  except  in  good  times,  until  it  has  been  nearly  exhausted  ou 
the  N.A^'..  which  certainly  will  not  be  for  a  great  many  years.  The  re- 
duction in  the  thickness  of  the  ore  and  the  increase  of  the  intervening 
shale  in  a  south-easterly  direction  will  be  perhaps  best  understood  by 
reference  to  the  diagramatic  section  on  Plate  XV.,  Fig.  1,  extending  from 
Eston  to  Grosmout.  It  will  there  be  seen  that  the  bed  becomes  more  and 
more  split  up  by  shale  on  the  S.E.  side  of  the  line  CD  (Plate  XIV.)  until 
at  Grosmont  it  is  scarcely  recognisable.  Accompanying  the  expansion  of 
the  intervening  shales  is  a  deterioration  in  the  quality  of  most  of  the  ore, 
so  that  at  Grosmont  only  the  lowest  part  of  the  main  bed,  as  developed  at 
Eston,  is  workable.  This  part  is  called,  at  Grosmout,  the  Pecten  Seam. 
About  80  feet  Ijelow  this  there  is  another  seam  called  the  Avicula  Seam, 
which  has  also  been  worked  at  Grosmont,  but  it  is  not  at  present  of  any 
value  in  the  district  where  the  Main  Seam  is  best,  that  is  in  Cleveland. 

Examined  in  detail,  along  its  N.E.  outcrop  at  Eston  and  Uj)leatham, 
the  ^lain  Seam  yields  the  sections  given  in  Plate  XIII.,  Fig.  5. 

The  alternately  hard  and  soft  layers  in  the  top  block  A  are  very  vari- 
able, as  may  be  seen  from  the  following  detailed  measurements  of  them 
at  different  places  along  the  outcrop  : — 


Eston  (Old  Bank). 

Ft.  In. 
Hard  ore  band      ...  0  11 

Softer  laminated  ore  0  1 
Hard  ore  band  ...  0 
Softer  laiiiiiiated  ore  0 
Hard  ore  band  . .  0 
Softer  laminated  ore  0 
Hard  ore  band  ...  0 
Softer  laminated  ore  0 
Hard  ore  band  ...  0 
Softer  laminated  ore  0 
Hard  ore  band         .0 

*Sof  ter  laminated  ore  0 
Hard  ore  band      ...  0 

*Softer  laminated  ore  0 


2 

Oi 

3 

11 

■Si 
H 

2i 
2 

u 


Eston  (Junction). 

Ft.  In. 
Hard  ore  band 

Softer  laminated  ore    0 

Hard  ore  band         ...  0 

Softer  laminated  ore    0 

Hard  ore  baud         ...  1 

*Softer  laminated  ore  0 


1    H 


3 

-4 


1 


HoBB  Hill. 

Ft. 

In. 

Softer  laminated  ore 

0 

5 

Hard  ore  band 

0 

1 

Softer  laminated  ore 

0 

u 

Hard  ore  band 

0 

^ 

Softer  laminated  ore 

0 

u 

Hard  ore  baud 

u 

H 

*Softer  laminated  ore 

1 

Oh 

3     U 
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The  bunds  marked  thus  *  frequently  contain  a  large  quantity  of 
bisulphide  of  iron,  and  are  consequently  known  as  sulphur  bands.  They 
have  been  largely  used  as  a  substitute  for  pyrite  in  the  chemical  works  at 
Washington  and  Middlesbrough.  The  hard  ore  bands,  at  the  outcrop,  at 
least,  are  frequently  in  a  concretionary  condition  and  often  look  like 
lines  of  doggers. 

In  Skinningrove  and  Slapewath  Mines,  nearly  on  the  dip  side  of  the 

best  part  of  the  bed,  the  sections  given  in  Plate  XIII.,  Fig.  6,  are  obtained. 

On  the  S.E.  side  of  line  AB  the  middle  dogger  at  Slapewath  and 

Skinningrove  is  partly  replaced  by  shale  as  seen  in  the  section,  Plate 

XIII.,  Fig.  7  (after  Marley),  of  the  old  Hutton  mines. 

From  the  strike  line  through  Old  Hutton  Mines,  that  is  from  line 
A  B  (Plate  XIV.),  the  ironstones  diminish  and  the  shale  between  them 
thickens  gradually  towards  the  south-east,  so  that  along  the  line  C  D 
a  section  somewhat  like  that  in  Plate  XIII.,  Fig.  8,  occurs  at  Kildale. 
Then  at  Grosmont  the  section  is  as  shown  in  Plate  XVI.,  Fig.  1. 

Speaking  generally,  the  ore,  except  the  top  block,  is  thick-bedded  and 

intersected  by  two  sets  of  vertical  joints.      Its  prevailing  colour,  where 

covered  by  the  Upper  Lias,  is  bluish  grey.     Towards  the  base  it  becomes 

somewhat  greenish,  and    the  bottom  block  C    is    a  dark  greenish  grey. 

Along  the  outcrop  the  bed  is  mostly  altered  to  a  hydrated  peroxide,  and 

the  colour  is  snuff  brown,  except  where  there  still  remain  a  few  greyish, 

or  greenish  grey  cores  of  the  carbonate.     These  cores  are  very  few  and 

small  where  the  bed  is  uncovered,  but  increase  in  size  and  number  as  the 

unaltered  part  of  the  bed  is  approached.     The  distance  to  which  the 

brown  ore  extends  inwards  depends  upon  the  thickness  of  the  cover.    At 

Eston,  for  instance,  where  the  ground  is  very  steep  above  the  outcrop, 

and  the  Upper  Lias  consequently  soon  attains  a  considerable  thickness  ; 

the  brown  ore  does  not  extend  many  yards  in  from  the  "day."     But  at 

Kirkleatham  and  liobb  Hill  where  the  cover  has  been  mostly  removed 

by  denudation,  the  belt  of  brown  ore  is  much  wider.     The  appearance 

presented  by  the  ore  where  the  alteration  is  incomplete  is  as  shown  in 

Plate  XVI.,  Fig.  2,  which  is  an  exact  representation  of  the  upper  part  of 

the  main  block  B,  near  "  The  Clump, "  between  Eston  and  Upleatham. 

The  ore  in  places  is  oolitic,  but  much  of  it  does  not  exhibit  that 

structure,  having  simply  the  appearance  of  a  mud  stone. 

Organic  remains  are  abundant,  being  almost  crowded  in  places. 
According  to  Tate  and  Blake*  95  diflFerent  species  have  been  met  with. 
The  following  is  a  list  of  the  more  common  forms  : — 

*  Yorkshire  Lias. 
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A.  spiuatus. 
Bcleuinites  bieviforniis. 

,.  i>a.\illi)sus. 

Pitonillus  tnrbiiiatus. 
Crytcnia  coiisobriua. 
Ostrea  subniargaritacea. 
I'hohuloniya  aiubigiia. 
Astarte  striato-sulcala. 
WaUlbeiinia  rosupiiiata. 
Tcrcbratula  punctata. 


Pecteii  ajquivalvis. 

,,       hmulai'is. 
Monotis  cygnipes. 
Macrodou  liasiims. 
Gresslya  iutennedia. 
Pleuroiuya  rostrata- 
Aicomya  arcacea. 
Rhyncbouella  capitulata. 

;.  tetraliedia. 

„  lineata. 


As  iu  the  Frodingliam  deposit  the  shells  generally  retain  their 
original  limy  nature,  but  in  some  of  them  carbonate  of  iron  has  taken  the 
place  of  the  lime.     This  fact  was  first  pointed  out  by  Sorby*  W  years 


ago. 


The  specific  gravity  of  the  blue  grey  mudstune-like  ore  is  about  2*8, 
and  of  the  greenish  grey  oolitic  ore  3.  The  former  absorbs  water  to  the 
extent  of  about  10  per  cent,  of  its  volume,  and  the  latter,  in  some  cases, 
to  as  much  as  26  per  cent.,  and  this  when  simply  air-dried. 

Except  at  the  outcrop,  the  ore  is  a  carbonate  of  the  protoxide,  with  a 
small  admixture  of  the  peroxide.  Its  quality  in  different  parts  of  the 
bed  at  Eston  being  shown  by  the  following  analyses: — 


^  i  Top  Block  . . . 
(  Sulphur  Band 


B.— Main  Block  . 


C. — Bottom  Block 


S  o 

o 

2 

a 

3 
< 

S 

3 

.3 

a 

CO 

S3 
■g.2 

u 

.3 
0. 

!J2 

0 

'u 

0   . 

r 

0 

Is 

0 

1 

3-69 

32-83 

3-55 

39-01 

10-90 

10-62 

1-70 

3-19 

tra. 

2-08 

25-26 

9-97 

10-94 

8-47 

-49 

1-07 

53-19 

.... 

13-20 

34-54 

3-95 

40-85 

6-00 

12-66 

tra. 

319 

.... 

tra. 

2-49 

26-16 

4-70 

28-73 

1-15 

39-50 

19-90 

17-87 

1-56 

2-31 

13 

2-50 

5-54 

914 

The  seam  is  not  only  thickest  here — at  Eston — but  it  seems  also  to 
be  richest  in  iron.  The  composition  of  the  different  workable  parts  of 
the  bed  at  the  Old  Hutton  Mines  is  given  in  the  following  analyses, 
which  do  not  vary  greatly  fi-om  those  of  corresponding  parts  of  the  seam 
at,  for  example,  Slapewath  and  Lofthouse: — 


*  Proc.  Geo.  and  Poly.  Soc.  West  Riding,  Yorkshire,  1856-7. 
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28-84 
27-45 

1-70 
1-80 

35-55 
35-75 

20-90 
15-65 

3-79 
4-95 

4-20 
7-39 

1-12 

2-98 

trace 
0-07 

25-18 
23-47 

4-90 
4-89 

At  Grosmont,  parts  A  and  B  of  the  Main  Seam,  as  developed  at 
Eston  and  Hutton,  are  unworkable,  but  C,  known  at  (jrosmont  as  the 
Pecten  Seam,  is  worked.  Its  composition,  and  that  of  the  Avicula  Seam 
below  it,  being  as  follows  : — 


Pecten  Se.\m.     Avicula  Seam. 


Protoxide  of  iron 

34-98 

33-17 

.,         of  manganese 

-48 

-50 

Alumina 

3-20 

3-92 

Lime 

11-96 

11-90 

Magnesia 

4-51 

4-52 

Carbonic  acid    ... 

29-20 

28-00 

Phosphoric  acid 

1-30 

•48 

Water 

3-30 

3-65 

Ignited  insohible  residue 

1004* 

13-22* 

Metallic  ii-on 
*  Silica      ... 


98-97 

27-21 
8-00* 


99-36 

25-80 
9-42* 


The  Avicula  Seam,  as  shown  in  the  section  already  given,  is  about  30 
feet  below  the  Pecten  Seam. 

The  preceding  analyses  are  of  air-dried  samples,  and  therefore  give 
the  moisture  less,  and  the  other  constituents  more,  than  if  they  had  come 
direct  from  the  bed. 

The  average  metallic  yield  of  Cleveland  ore  (Main  Seam)  is  about  30 
per  cent.,  and  the  proportions  of  its  four  most  abundant  earthy  con- 
stituents as  given  by  the  average  of  18  analyses  of  the  ore  as  it  occurs  in 
the  bed  are  as  under  : — 

Silica.  Aluiuiiia.  Lime.  Magnesia. 

Average         ...     11-42  ...     863  ...     513  ...     2-99 

Variations     ...     717-20-90     ...     3-79-13-53     ...     3-80-7-77     ...     1-12-5-21 


See  Marley,  Tians.  Inst.,  Vol.  V. 
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The  working  oi'tlie  ^laiii  Seam  on  an  e.xtensive  scale  was  commenced 
about  the  year  1850,*  and  the  output  since  1854,  inchiding  the  raise  at 
Grosmont,  is  given  below  : — 


1854 

Tons. 
650,000 

1870 

Tons. 
...   3,755,888 

1855 

970.300 

1871 

...  4,267,507 

1856 

...   1,242,612 

1872 

...   4,671,745 

1857 

...   1,406,655 

1873 

...  5.056.346 

1858 

..  fl  ,367,395 

1874 

...   5,141,182 

1859 

...  tl, 520,342 

1875 

...  5,737,880 

1860 

...  tl,471,319 

1876 

...   6.178,173 

1861 

...   1,162,728 

1877 

...  5.940,058 

1862 

...   1,470,843 

1878 

...   5.371,489 

1863 

...   1,853,917 

1879 

...  4,724,408 

1864 

...   2.104,310 

1880 

...  6,477,466 

1865 

...   2.512,359 

1881 

...  t6, 538,471 

1866 

...   2,578,679 

1882 

...  t6,326,314 

1867 

...   2,560,812 

1883 

...  16,750,055 

1868 

...  2,575,225 

1884 

..  16,052,608 

1869 

...   2,825,083 

Caythorpe,  Lincolnshire. — This  deposit  is  by  many  considered  to  be  on 
the  same  geological  horizon  as  the  Frodingham  ore,  and  if  the  general 
appearance  of  the  bed,  as  seen  from  a  little  distance,  were  alone  con- 
sidered, this  opinion  would  more  frequently  prevail,  for  the  ore  has 
exactly  the  thin-bedded  flaggy  appearance  of  the  Frodingham  ore,  which 
is  altogether  unlike  the  thicker-bedded  "  blocky "  arrangement  of  other 
ironstones  in  the  rock  bed,  as  for  instance  those  of  Cleveland,  Holwell,  in 
Leicestershire,  or  Fawler,  in  Oxfordshire.  But  when  the  fossil  contents 
of  the  bed  at  Caythorpe  are  examined  all  doubt  about  its  belonging  to  the 
Middle  Lias  at  once  disappears,  for  crowds  of  Rhynchonella  tetrahedra 
and  Tcrehmlula  punctata  are  met  with  in  almost  every  part  of  the  bed. 
Most  of  the  former  shells  are  hollow  and  lined  with  crystals  of  calcite. 

The  bed  has  a  shght  dip  to  the  south-east,  and  crops  out  along  the  level 
ground  lying  to  the  east  of  the  village  of  Caythorpe,  as  sliown  in  Plate 
XV.,  Fig.  2.  Working  is  confined  at  present  entirely  to  the  outcrop 
adjoining  the  Great  Northern  Railway,  where  the  ore  is  covered  by  sand, 
with  small  pebbles,  varying  in  thickness  from  8  to  7  feet.  The  greatest 
thickness  of  ore  yet  exposed  is  1 0  feet :  that  is  near  the  railway.  From 
there  it  becomes  gradually  thinner  to  the  village  of  Caythorpe,  where  it 
is  only  about  8  feet  thick.  Working  operations  therefore  stop  some 
distance  short  of  Caythorpe. 

The  ore  has  a  prevailing  yellowish  colour,  but  is  traversed  at  irregular 
intervals  by  dark  brown  bands  up  to  \"  wide.     This  latter  part  of  the  ore  is 
*  See  Marley,  Trans.  Inst..  Vol.  V.        f  Int-hule  tlie  production  of  Roscdale. 
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much  denser  than  the  other,  and  the  bands  are  in  some  cases  so  disposed 
as  to  produce  a  concretionary  appearance.  As  ah'eady  mentioned,  the 
ore  is  thin-bedded,  and  in  parts  obhque  lamination  is  \ery  frequent. 

Speaking  generally,  the  bed  is  harder  and  more  compact  towards  the 
base  than  it  is  in  the  upper  part,  and  it  gets  gradually  harder  throughout 
towards  the  railway,  that  is  towards  the  south-east,  as  if  the  Upper  Lias  clay 
was  not  far  off.  Towards  the  "rise"  the  bed  contains  a  few  roughly 
lenticular  pieces  of  grey  limy  rock,  which  graduate  into  the  ore.  They 
are  very  full  of  fossil  shells,  and  vary  in  size  from  2  to  10  inches  in 
thickness,  and  from  2  to  -1  feet  in  length.  Dipwards  they  increase  in 
size  and  frequency,  but  are  everywhere  most  common  in  the  lower  part 
of  the  ore,  and  give  to  it  a  very  bedded  appearance.  In  working  on  the 
dip  side  of  the  outcrop  the  ore  frequently  comes  ofF  in  large  flag-like 
flakes,  sometimes  as  much  as  4  feet  in  area,  and  perhaps  not  more  than 
G  inches  thick  at  the  thickest  part.  The  appearance  in  vertical  section 
of  this  portion  of  the  bed  will  perhaps  be  better  understood  from  the 
sketch  on  Plate  XVL,  Fig.  3. 

Besides  the  limy  cores  there  are  also  grey  and  green  cores  of  earthy 
carbonate  of  iron,  similar  to  those  described  in  connection  with  the 
Frodingham  and  Cleveland  ores.  These  occur  mainly  in  the  low  part  of  the 
bed,  and  towards  the  dip,  very  few  being  met  with  in  the  "  rise"  part  of 
the  bed  where  the  alteration  has  proceeded  further. 

Below  the  ore  there  is  about  S  feet  of  ferruginous  limestone,  and 
under  that  blue  clay. 

The  yellow  part  of  the  ore  is  oolitic  in  places,  and  so  is  the 
included  and  under-lying  limestone,  Imt  the  brown  ore  is  only 
slightly  so. 

The  average  specific  gravity  of  the  brown  ore  is  about  2*5,  but  it  is 

very  porous,  absorbing  water  to  the  extent  of  lo  to  21  per  cent,  of  its 

bulk   when    simply   air-dried.       Its    average    composition    is    perhaps 

fairly  exjjressed  by  the  following  analysis  : — 

Water  at  212°  F 4-330 

„      combined    ...          ...          ...          ...          ...         •••          ...  10'030 

Peroxide  of  iron     ...         ...         ...         ...         ...         ...         ...  ITMBO 

Oxides  of  ahiniiiia  and  mangancise          ...         ...          ...          ...  lO'OOT 

Lime            7840 

Magnesia     ...          ...         ...          ...          ...         ...         ...          ...  "580 

Phosphoric  acid     ...          ...          ...          ...          ...          ...          ...  "403 

Sulphuric         ..        Trace 

Carbonic          , 6'9G0 

Insoluble  siliceous  matter             12"260 

99-840 


Metallic  iron  33-20 
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The  lime  winch  occurs  in  the  ore  is  probably  as  a  carbonate,  and  in  a 
mechanical  condition,  as  the  ore  effervesces  when  wetted  with  acid  ;  in 
some  places  only  slij^htly,  but  in  others  briskly.  The  quantity  of  water 
lost  at  212*=^.,  in  the  preceding  analysis,  is  probably  8  or  10  percent,  less 
than  the  ore  contains  in  situ,  and  as  it  is  sent  to  the  market,  as  the  speci- 
men from  which  the  analysis  was  made  had  been  in  the  writer's  possession 
at  least  twelve  months  before  being  analysed.  The  metallic  yield  of  the 
ore  as  raised  will  therefore  be  about  30  or  31  per  cent. 

The  ore  was  discovered  when  carrying  out  the  works  in  connection 
with  the  making  of  the  railway,  and  the  output  in  1880  was  73,680  tons, 
and  in  1881  79,642  tons. 

Hohvell,  <&c.,  Leicestershire. — At  Holwell,  about  three  miles  north  of 
Melton  Mowbray,  and  at  Eastwell,  about  three  miles  north-east  of  Hol- 
well, as  well  as  at  Waltham  and  Wartnaby,  the  Marlstone  Rock -bed  has 
recently  been  largely  worked  for  iron  ore. 

The  Holwell  workings,  which  may  be  taken  as  typical  of  all  in  the 
neighbourhood,  are  close  to  the  village  of  Holwell,  but  on  the  opposite 
side  of  the  small  valley,  which  lies  on  the  east  of  the  village.  On  Plate 
XYI.,  Fig.  4,  is  a  diagramatic  section  of  this  valley  illustrating  its 
geological  structui-e.  The  rocks  have  a  gentle  inclination  to  the  south- 
east. 

The  working  of  the  ore  is  confined  mainly  to  its  outcrop,  where  the 
Upper  Lias  is  off,  although  at  one  point  it  has  been  worked  where  over- 
lain by  about  6  feet  of  clay  belonging  to  that  formation.  The  ore, 
however,  became  very  hard  as  the  thickness  of  the  cover  increased. 
This,  combined  with  the  extra  cost  of  "  baring,"  put  a  stop  to  further 
operations  in  that  direction. 

The  outward  appearance  of  the  ore  bed  is  very  much  like  that  of 
Cleveland  at  the  outcrop.  It  is  thick-bedded  and  intersected  by  two  sets 
of  vertical  joints.  Many  of  these  are  several  inches  wide  and  filled  with 
a  yellowish  gi-ey  clay  which  has  evidently  been  washed  down  from  the 
overlying  drift.  There  are  also  a  number  of  less  persistent  joints  of  a 
lenticular  form,  some  of  which  are  as  much  as  3  inches  wide,  but  they 
seldom  exceed  a  foot  or  two  in  length.  They  occur  both  vertically  and 
along  the  bed  planes.  Cases  of  false  bedding  are  not  infrequent,  and 
in  some  places  the  ore  is  quite  soft  and  sandy,  so  that  it  may  be  easily 
crumbled  between  the  fingers.  These  sandy  places  occur  along  the  bed 
planes,   and    have    a    roughly  lenticular   form.      They   are   somewhat 
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numerous  and  very  irregular  in  their  disposition  in  the  bed.  The  ore 
where  worked,  that  is  at  the  outcrop,  is  a  hydrated  peroxide,  and  has  a 
prevaib'ng  yellow  or  yellowish  brown  colour,  but  it  contains  a  few  kernels 
of  green  carbonate  and  some  pieces  of  greyish  or  greenish  grey  ferru- 
ginous limestone,  which  increase  in  size  and  number  toward  the  dip. 
The  yellowish  brown  ore  adjacent  to  the  green  kernels  is  invariably  con- 
cretionary, lighter  and  darker  coloured  bands  alternating.  This  struc- 
ture is  also  seen  in  other  parts  of  the  bed  where  the  cores  are  yellow. 
These  are,  however,  not  abundant.  Adjacent  to  joints,  whether  vertical 
or  horizontal,  the  ore  is  almost  always  darker  and  more  compact  than  it 
is  where  joints  are  absent,  and  is  of  the  same  character  as  the  darker 
bands  of  the  concretions.  As  a  rule  the  yellow  ore  is  oolitic,  but  in 
places  it  has  the  character  of  a  mudstone.  The  dark  brown  ore  is 
but  slightly  oolitic. 

Organic  remains  are  abundant  both  in  the  ore  and  in  the  pieces  of 
enclosed  limestone  or  "  sand  rock,"  as  it  is  locally  called,  and  many  of 
them  are  in  a  fragmentary  condition.  The  common  species  are  of 
Belemnites  Terebratulas  and  Rhynchonellae. 

The  average  specific  gravity  of  the  ore  is  about  2"o,  and  it  is  very 
porous,  absorbing  water  in  quantities  varying  from  about  12  to  27  per 
cent,  of  its  bulk  when  merely  air-dried.  The  composition  of  the  yellowish 
brown  ore  is  shown  by  the  following  analysis  of  a  specimen  which  had 
been  in  the  writer's  possession  about  twelve  months  before  being  analysed, 
and  therefore,  like  the  sample  from  Caythorpe,  gives  less  hygroscopic 
water  and  consequently  a  higher  metallic  yield  than  the  ore  will  contain 
in  the  bed  : — 

Water  at  212°  Pah 5-360 

„     combined         ...          ...          ...          ...          ...          ...  11'240 

Peroxide  of  Iron        ...  50"570 

Protoxide  of     „         ...         ...         ...         ...         ...         ...  570 

Oxides  of  Alumina  and  Magnesia  ...         ...         ...         ...  9"935 

Lime ...  3-960 

Magnesia        1-171 

Phosphoric  Acid         ...          ...          ...          ...         ...          ...  1925 

Sulphuric         „          ...           ..          ...          ...  Trace 

Carbonic           ,.           ...          ...          ...          .  .          ...           ...  I'SfiK 

Insoluble  Siliceuu.s  M.-ittcr    ...          ...          ...          ...          ...  12oI0 


99-071 
Metallic  Iron  35-80 
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Much  of  the  ore  is  not  so  rich  as  this.  The  poorer  qnahties  effervesce 
when  wetted  with  acid,  the  better  ore  does  not,  except  where  shells  arc 
present. 

The  output  of  ore  from  Holwell,  Eastwell,  Waltham,  and  Wartnaby 
is  given  in  the  following  table  : — 

Tons 

1882  ...  ...  ...  ...  ...       267,802 

1883  ...  ...  ...  ...  ...       294.825 

1881  261.837 

Adderbury  and  FaivUr,  Oxfordshire. — On  the  north-east  border  of 
Oxfordshire  a  considerable  (juautity  of  ore  has  been  obtained  from  the 
"  Rock-bed"  at  Adderbury,  and  some  from  King's  Sutton  in  the  adjoin- 
ing county  of  Northamptonshire,  but  operations  are  susjiended  at  both 
places  for  the  present.  At  Fawler,  in  Mid-Oxfordshire,  ore  is  still  being 
obtained  from  this  horizon.  When  first  worked  it  was  got  here  by  open 
working ;  but  since  the  recommencement  of  operations,  about  three  years 
ago,  it  has  been  "mined."  Plate  XYIL,  Fig.  1,  partly  after  the  survey 
map,  will  illustrate  the  arrangement  of  the  rocks  of  the  district,  and  the 
section  on  Plate  XYI.,  Fig.  5,  exhibited  in  the  face  of  one  of  the  open 
cuttings,  will  show  their  relation  to  the  ore-bed. 

The  ore,  as  shown  by  the  section  ou  Plate  XVIL,  Fig.  1,  crops  out 
in  the  side  of  the  valley  of  the  Evenlode.  It  is  thick-bedded  and  inter- 
sected by  two  sets  of  vertical  joints  like  that  at  Holwell.  Some  of  the 
vertical  joints  are  very  wide  and  are  filled  with  yellowish  clay  from  the 
overlying  bed  of  that  material. 

The  ore  is  mainly  a  hydrated  peroxide,  and  its  colour  is  partly  yellow 
and  partly  brown,  not  only  at  the  outcrop  but  also  below  the  Upper  Lias 
as  far  as  they  have  yet  worked.  From  the  nearer  outcrop  (the  north-east) 
the  faces  are  probably  not  more  than  70  yards,  though  they  are  much 
farther  from  the  south-west  outcrop.  The  brown  ore  is  much  denser  than 
the  yellow,  but  it  only  occurs  in  thin  bands  or  "shells"  as  at  Caythorpe 
and  Holwell.  The  yellow  ore  is  oolitic,  the  brown  is  not.  There  is 
almost  a  complete  absence  of  grey  or  greenish  cores  in  the  upper  8  feet 
of  the  bed,  but  they  are  abundant  in  the  lower  part,  and  some  of  them 
are  very  large,  for  which  reason  this  part  of  the  bed  is  not  worked. 

The  average  specific  gravity  of  the  ore  is  about  2"5.  Like  other  ores 
from  the  same  geological  horizon  it  is  very  porous,  absorbing  water  to  the 
extent  of  18  to  27  per  cent,  of  its  bulk  when  only  air-dried.  Its  com- 
position may  be  gathered  from  the  following  analyses : — 
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Xo.  1. 
104 

Xo.  2 
•86 

•46-93 

44-67 

•51 

•44 

7-86 

910 

10-55 

12-34 

11-79 

9-29 

112 

•66 

•66 

•55 

trace 

trace 

8^55 

6-11 

10-15 

16-31 

9916 

100-33 

Protoxide  of  iron 
Peroxide  of  iron 
Manganese  oxide 
Alumina 
Silica    ... 
Lime     ... 
Magnesia 
Phosphoric  acid 
Sulphuric      „ 
Carbonic        ., 
Water 


Metallic  iron 33-66  ...  31-94 

Xo.  1  gives  the  results  of  a  sample  di'ied  at  212°  F. ;  No.  2  of  the  raw 
ore  partly  air-dried. 

The  ore  effervesces  in  places  when  wetted  with  acid  ;  in  other  parts 
it  does  not. 

It  appears  to  be  about  twenty-six  years  since  the  deposit  was  first 
worked  at  Fawler.  For  eight  years  the  ore  was  obtained  by  open  work, 
but  since  the  resumption  of  operations  in  1882  it  has  been  mined.  The 
annual  quantity  obtained,  both  at  Fawler  and  Adderbuiy  up  to  1881,  is 
given  below  : — 


Fawler. 
Tons. 

Adderburv. 
Tons. 

Fawler. 
Tons. 

Adderbury 
Tons. 

1859 

2,000 

3,410 

1871 

— 

...        26,230 

1860 

4.583 

1,250 

1872 

— 

56,536 

1861 

5,600 

— 

1873 

— 

...       49.962 

1862 

2.244 

— 

1874 

— 

...       38,608 

1863 

4.803 

— 

1875 

— ■ 

...       34,568 

1864 

6.666 

— 

1876 

— 

...       26,140 

1865 

2,557 

— 

1877 

— 

...       14,661 

1866 

1,552 

— 

1878 

— 

6.240 

1867 

— 

— 

1879 

— 

1,233 

1868 

— 

— 

1880 

— 

8,360 

1869 

— 

..       10,167 

1881 

— 

8,614 

1870 

— 

...       38,442 

Ix  THE  Lower  Oolite. 

The  next  ferruginous  zone  of  importance  is  at  the  base  of  the  Inferior 
Oolite,  immediately  succeeding  the  Upper  Lias,  as  shown  in  Plate  X.  It 
exists  over  a  very  large  area,  and  has  been  extensively  wrought  in  Yorkshire, 
Lincolnshire,  Rutlandshire,  and  Northamptonshii'e,  though  with  very 
different  results,  as  wdl  appear  from  the  detailed  descriptions  following. 

Xorih  Yorkshire. — In  the  greater  part  of  this  district  the  ore  which 
occurs  in  the  horizon  now  reached  is  not  of  much  value  commercially. 
It  is  known  in  Cleveland  as  the  "  Top  Seam,"  and  to  outsiders  as  the 
Dogger  series.     Its  outcrop,  in  part  of  the  area,  is  shown  on  Plate  XIV. 
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Since  the  discovery  of  the  Main  Seam  (in  the  Middle  liias)  in  Cleveland 
the  "  Top  Seam "  has,  in  tliat  district,  been  almost  entirely  neglected 
owing  to  its  great  inferiority,  in  fact  over  a  considerable  part  of  Cleveland 
it  is  unworkable,  profitably,  under  almost  any  circumstances.  Generally 
it  may  be  said  to  increase  in  thickness  toward  the  south-east,  at  least  for 
a  considerable  distance — which  is  the  reverse  of  the  Main  Seam — then  it 
decreases  in  that  direction.  Along  the  Eston  and  Upleatham  range  it  is 
practically  non-existent. 

In  some  of  the  sinkings  that  have  been  made  to  the  south-east  of 
Guisborough  through  the  Lower  Oohtic  rocks  to  the  Main  Seam,  it  is  only 
a  few  inches  thick.  At  Rosedale,  on  the  coast  between  Staiths  and 
Runswick  Bay,  it  presents  the  section  seen  in  Plate  XVI.,  Fig.  G. 

A  few  miles  further  south,  at  Goathland,  the  seam  is  larger  still,  as 
shown  by  the  section  on  Plate  XVI.,  Fig.  7. 

On  the  opposite  side  of  the  district  at  Feliskirk,  3  miles  north-east  of 
Thirsk,  the  seam  is  about  7  feet  thick.  From  Goathland  to  Feliskirk,  as 
pointed  out  by  Professor  Phillips  twenty-eight  years  ago,  is  the  line  along 
which  the  Dogger  series  "receives  its  maximum  doze  of  iron,"  and  from 
this  line  it  grows  gradually  poorer,  both  towards  the  north-west  and 
south-east.  It  will  be  noticed  that  it  is  thinner  on  the  west  than  on  the 
east,  but,  as  pointed  out  by  the  authority  just  named,  there  appears  to 
be  a  general  thinning  of  the  Lower  Oolitic  rocks  in  that  direction. 

The  seam  has  often  been  tried  at  Grosmont  and  elsewhere  in  the  same 
neighbourhood,  but  it  has  always  been  found  to  contain  too  much  silica 
for  metallurgical  purposes.  The  only  area  where  it  has  been  worked 
at  all  extensively  in  the  area  now  under  consideration  is  in  Rosedale. 
The  general  geological  structure  of  that  district  is  shown  in  Plate  XVII., 
Fig.  2,  from  which  it  will  be  seen  that  the  Dogger  series  comes  to  the 
surface  in  a  narrow  strip  along  the  steep  sides  of  the  valley.  Elsewhere 
it  is  overlain  by  a  variable  thickness  of  shales  and  sandstones  belonging 
to  the  Lower  Estuarine  series,  as  shown  in  Plate  XVI.,  Fig.  8,  where  also 
will  be  found  a  section  of  the  same  rocks  as  they  occm*  in  Cleveland  for 
comparison. 

The  seam  is  known  in  Rosedale  as  "  the  seam  of  the  district."  It  dips 
to  the  south  at  about  1  in  ii.  As  already  mentioned,  the  outcrop  is 
narrow,  so  that  comparatively  little  has  been  worked  by  opencast,  although 
in  1873  and  1874  a  large  quantity  of  ore  was  worked  in  this  way,  but  it 
was  very  poor.  The  same  class  of  ore  is  now  used  for  road  metalling. 
At  the  present  time  operations  are  confined  to  the  eastern  side  of  the 
valley,  at  what  are  known  as  Rosedale  East  Mines,  but  on  the  opposite 
side  of  the  valley.     The  seam  has  also  been  worked  at  Sheriff  Pit  and  in 
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the  neighbourhood  of  the  magnetic  quarry.  These  latter  mines  are  called 
Rosedale  West  Mines.  A  few  years  ago  some  ore,  occupying  the  same 
horizon,  was  also  worked  in  the  adjoining  valley  of  Farndale. 

On  the  west  side  of  the  valley,  just  opposite  the  village  of  Rosedale, 
the  section  of  the  seam  is  as  shown  in  No.  1,  Plate  XVIII.,  Fig.  1,  but 
near  Sheriff  Pit  it  is  as  shown  in  No.  2.  On  the  opposite  side  of  the 
valley,  at  Bell  End,  the  seam  is  developed  as  in  No.  3.  The  correlative 
parts  of  the  different  sections  are  indicated  by  dotted  lines. 

Both  A  and  B  have  been  worked  at  the  outcrop,  but  B  only  has  been 
"  mined"  on  account  of  its  superior  quality.  At  Rosedale  East  Mines  the 
workable  height  of  the  seam  vai'ies  from  5  feet  to  9  feet  6  inches,  the 
average  probably  being  about  6  feet  6  inches.  At  Sheriff  Pit  the  average, 
according  to  Mr.  Charles  Parkin,  is  about  5  feet  10  inches. 

The  ore  is  thick-bedded,  and  at  the  outcrop  is  a  hydrated  peroxide,  of 
a  yellowish  brown  colour ;  but  as  the  thickness  of  the  cover  increases 
rapidly,  the  oxide  soon  gives  place  to  a  carbonate,  and  the  brownish 
colour  changes  to  a  greeny  grey.  The  ore  is  very  oolitic  both  in  the 
weathered  and  unweathered  parts  of  the  bed.  Its  chemical  qualities  are 
indicated  by  the  following  analysis  : — 


Shekiff  Pit. 
Greeny  grey  Ore. 

RosKDALE  Ea!st  Mine 
Ureeiiy  grey  Ore. 

Peroxide  of  iron 

17-92 

26-57 

Protoxide  of  iron    . 

28-67 

18-19 

Silica 

10-80 

18-55 

Alumina 

8-52 

9-84 

Lime 

4-97 

6-24 

Magnesia 

3-16 

2-91 

Phosphoric  acid 

2-00 

1-43 

Sulphuric       „ 

-10 

•03 

Carbonic        „ 

19-00 

11-30 

Water 

4-50 

4-80 

99-64 

99-86 

Metallic  iron  34-74  ...  3264 

The  metallic  yield  of  the  ore,  as  it  occurs  in  the  bed,  is  probably  2  or 
3  per  cent,  less  than  in  these  analyses.  It  will  be  noticed  that  there  is  a 
considerable  proportion  of  peroxide  along  with  the  carbonate  of  the 
protoxide,  which  is  suggestive  of  the  ore  being  magnetic.  It  is  found, 
however,  that  even  in  large  masses  it  does  not  affect  the  magnetic  needle 
generally,  nor  is  it  attracted  by  the  horse-shoe  magnet.  But  if  a  number 
of  oolitic  grains  be  extracted  from  the  matrix  and  placed  within  the 
influence  of  a  magnet  they  are  at  once  attracted  by  it.  If,  further,  a 
thin  slice  of  stone  be  placed  under  the  microscope  it  is  at  once  seen  that 
the  oolitic  grains  consist  partially  of  magnetite  arranged  generally  in 
irregular  concentric  rings. 
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The  average  specific  gravity  of  the  greeny  grey  ore  is  about  2*9,  and 
of  the  brown  ore  from  the  outcrop  2*7.  Their  respective  porosities  are 
about  1()  and  27  per  cent,  of  their  bulk. 

The  following  list  of  fossils  fi'om  the  "Dogger"  is  given  by  Mr.  W.  H. 
Huddleston,*  many  of  which  he  had  found  converted  into  carbonate  of 
iron  : — 


Niitica  adducta,  Phil. 
Chemnitzia  lineata,  Sow. 

Sp. 
Neriiifea  cingenda,  Phill. 
C'ei'ithium  (two  specimens). 
Alaria  PluUlpsii. 

„       Sp. 
Littorina  punctura.  Bean. 
Trochus  pyramidatns,  Phill. 
Xcrita  la?vigata,  Phill. 
Trocliotoma,  sp.  n. 
Actcoiiina. 

Khynchoiiella  obsoleta,  Sow. 
Terebrutula  perovalis  (F)  Sotv. 
Hiunites  velatus  (?)  Gold. 
Oervillia  tortuosa,  Phill. 
lata,  Phill. 


Pteroperna  sti-iata,  Pean  MS. 
Modiola  cuneata,  Sow. 
Cucullaja  caucellata,  Phill. 
Microdon  Hirsonensis,  d'  Arch. 
Trigonia  denticnlata,  Ag. 

,,        V.  costata,  Lye. 

,.        spinulosa,  I' and  B. 
Sp. 
Cardinm  acutangvdum,  Phill. 

„         striatulum.  Phill. 
Tancredia  axiniformis,  Phill. 
Astarte  elegans.  Sow. 
Opis  Phillipsii,  Mo?: 
Ceromya  Bajociana,  Soiv.,  vel.  con- 

centrica,  Soiv. 
Gresslya  adducta,  Phill. 


Iron  ore  was  worked  in  Rosedale,  doubtless,  at  a  very  early  date,  but 
recent  operations  may  be  said  to  have  commenced  about  25  years  ago. 
The  production  up  to  1880  being  as  follows : — f 


1861 
1862 
1863 
1861. 
1865 
1866 
1867 
1868 
1869 
1870 


Tons. 

t79,786 

1871 

$219,128 

1872 

$221,889 

1873 

t297,58U 

1874 

+250,000 

1875 

$280,382 

1876 

133,708 

1877 

143,321 

1878 

198,312 

1879 

2.51.1 91 ; 

1880 

Tons. 
238,368 
229,782 
487,736 
418,927 
335,520 
342,172 
300,295 
200,568 

18.453 

.s.inw 


*  Proc.  Geol.  Assoc. 

t  Bince  1880  it  is  difficult  to  obtain  the  e.-sact  figures  owing  to  the  most  remarkable 
way  in  which  the  mineral  statistics  have  been  kept  since  that  year.  Pre\iously  the 
production  of  nearly  every  mine  was  given  separately.  Now  those  in  each  county  are 
grouped  together,  with  the  result  that  we  sometimes  get,  as  in  the  case  of  Lincoln - 
shii'e,  the  production  of  mines  working  ores  from  four  difPerent  geological  horizons 
placed  under  one  total,  a  mode  of  procedure  which  renders  this  part  of  the  mineral 
statistics  as  near  worthh'ss  as  possible.  A  much  more  reasonable  method  would  be  to 
give  the  total  from  each  horizon  in  each  county. 

X  hu'luding  magnetic  ore. 
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Rosedale  Magnetic  Ore. — Besides  the  bed  just  described,  there  is,  in 
Eosedale,  a  most  remarkable  deposit  of  Magnetic  Iron  Ore,  which,  in 
the  early  days  of  the  Institute,  was  the  subject  of  several  papers  and 
discussions,  in  which  were  developed  great  differences  of  opinion  among 
the  various  members  engaged  therein.  The  deposit,  or  deposits — for  there 
are  really  two — occur  at  the  point  in  Plate  XIL,  marked  Magnetic  Quarry, 
and  just  under  the  seam  known  as  "  the  seam  of  the  district,"  in  two 
approximately  parallel  troughs,  between  5  and  6  acres  in  extent,  in  the 
Upper  Lias  shale,  as  shown  in  Plate  XVIII.,  Figs.  2,  3,  4,  and  5  ;  the 
plan  represents  them  as  they  would  appear  if  the  sandstones  and  shales 
of  the  Lower  Estuarine  series  were  removed. 

At  first  the  deposits  were  quarried,  but  as  the  overburden  increased, 
mining  was  resorted  to,  and  the  deposits  have  now  been  almost  ex- 
hausted in  this  way. 

Neither  Gar  butt's  nor  Kitchin's  deposit  has  been  known  to  yield  any 
organic  remains,  so  that  there  is  a  difficulty  in  fixing  their  age,  but  they 
seem,  on  stratigraphical  considerations,  to  be  the  equivalent  of  the 
Blae  Wyke  Sands,  and  to  have  been  formed  on  an  eroded  surface  of  the 
Upper  Lias.  Small  denuded  areas  of  this  character  are  not  uncommon 
in  the  Upper  Lias  of  Yorkshire,  as  well  as  of  other  districts.  In  York- 
shire they  are  frequently  occupied  by  siliceous  limestone  belonging  to  the 
Dogger  series,  especially  is  this  so  in  Bilsdale. 

At  the  outcrop  the  ore  was  very  much  broken  up  by  weathering,  and 
much  of  it  had  a  concretionary  form.  The  kernels,  which,  in  some  cases, 
were  as  much  as  4  feet  in  diameter,  were  of  a  bluish  black  in  the  centre, 
but  became  paler  towards  the  outside,  and  the  surrounding  rings  were 
brown.  As  the  cover  increased,  the  results  of  weathering  mostly 
disappeared,  and  the  ore  became  much  more  compact,  and  had  every- 
where the  blue  black  colour  of  the  interior  of  the  kernels  found  at  the 
outcrop,  except  along  the  sides  of  the  stronger  joints  where  a  brown 
band  an  inch  or  so  wide  might  exist. 

The  ore  is  very  oolitic,  and  where  unweathered  is  strongly  magnetic. 
Its  chemical  composition  is  shown  in  the  following  analysis.  No.  1  is 
of  blue  black  ore,  and  No.  2  is  of  the  brown  altered  ore  found  along 
strong  joints  or  on  the  outside  of  the  kernels. 
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No.  a. 
Id-lO 
G405 


No  1. 

Wntcrnt212°F. 

.  • . 

•33 

,,      combined 

... 

3-39 

Peroxide  of  iron 

.. 

...       27-71 

Protoxide      „ 

... 

...       36-77 

Oxides  of  aluniina 

and  mai 

iganese    972 

Lime       

•9G 

Magnesia 

... 

113 

Pliosphoric  acid 

... 

•89 

Sulphuric       „    ... 

... 

trace 

Carbonic         ,,  ... 

.. 

9^I2 

Insoluble  siliceous 

matter 

9-52 
99-54 

Metallic  iron 

... 

...       48-00 

11-45 
1-15 

•72 


trace 
920 

100-97 
44-83 

The  specimens  analysed  were  air-dried,  so  that  the  water  should  be 
increased  in  No.  1  about  10  per  cent,  and  the  metallic  iron  should  be 
reduced  4^  per  cent,  probably,  to  arrive  at  the  composition  of  the  ore 
in  its  natural  condition.  "With  these  alterations  No.  1  may  be  fairly 
taken  as  an  average. 

It  appears  from  analysis  No.  1,  that  the  ore  is  not  a  true  Magnetite, 
but  a  compound  of  Magnetite  and  clay  ironstone,  the  proportions  of  the 
diflferent  compounds  of  iron  being  in  all  probability  as  below  : — 

Fe  O.  No.  1. 

12-45  +  FCj  O3  27-71  =  40-16  Magnetite 
14-92  4-  C  Oa  9-12  =  24-04  Carbonate  of  iron 
9-40  existing  probably  in  other  combinations 


36-77 


A  physical  analysis  confirms  these  results.  If  the  ore  be  examined 
in  a  thin  slice  under  the  microscope,  it  is  seen  that  the  Magnetite  resides 
entirely  in  the  oolitic  grains — and  mainly  in  the  interior  of  them  in  a 
concretionary  form — the  quantity  in  the  different  grains  being  very 
variable,  as  shown  in  Plate  XVIII.,  Fig.  6. 

The  specific  gravity  of  the  blue  black  ore,  of  which  analysis  No.  1 
shows  the  composition,  is  3*8,  and  its  absorptive  capacity,  in  an  air-dried 
condition,  15  per  cent,  of  its  bulk. 

The  production  of  ore,  yielding  over  40  per  cent,  of  metallic  iron, 
from  1856,  about  which  time  operations  were  first  commenced,  until 
1880,  except  for  the  nine  years  ending  1866,  is  given  in  the  following 
table,  most  of  which  was  kindly  supplied  to  the  writer  by  Mr.  John 
Marley.  Between  1858  and  1866  inclusive,  the  production  is  included 
in  that  of  the  "  seam  of  the  district"  already  dealt  with  : — 

VOL.  XXXV.— 1886.  R 


I'M) 


THE  IRON  ORES  OF  THE  ENGLISH  SECONDARY  ROCKS. 


1«5(> 
1857 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
187S 
1879 
1880 


Tons. 

4,000 
7,500 
44,519 
66,758 
71,253 
62,804 
76,026 
73,423 
72,932 
54,213 
48,394 
41,655 
38.192 
33,582 
7,139 
6.079 


AI id- Lincolnshire. — Just  east  of  the  city  of  Lincoln,  and  on  the 
north  side  of  the  valley  of  the  Withain,  at  (Ireetwell  and  Monks  Abbey, 
a  bed  of  ore,  at  the  base  of  the  Inferior  Oolite,  has  been  worked  some- 
what extensively.  It  has  also  been  worked  on  the  opposite  side  of  the 
Witham,  east  of  Canwick,  as  well  as  at  Waddington  and  Coleby,  a  few 
miles  further  south  along  the  "  CliflP." 

The  position  of  the  ore  bed  and  the  general  geological  structure  of  the 
country  around  Lincoln  is  indicated  on  Plate  XIX.,  Fig.  1.  The  ore,  it  will 
be  seen,  crops  out  on  both  sides  of  the  valley  of  the  Witham,  and  as  the 
inclination  of  much  of  the  ground  at  the  outcrop  is  very  gentle,  a  con- 
siderable quantity  of  ore  has  been  got  by  open  working.  Where  the 
cover  was  too  thick  for  this  to  be  done  profitably,  mining  has  been  resorted 
to. 

The  general  dip  of  the  ore  bed  (and  its  accompanying  rocks)  is  to  the 
east  at  about  1  in  60.  Its  greatest  known  thickness  is  11|  ft.,  and  the 
least,  where  worked,  5  ft.,  although  it  has  been  proved  by  boring  to  be 
only  3  ft.  thick  in  places.  The  average  thickness  is  probably  about  9  ft. 
A  section  of  the  "  face  "  of  part  of  one  of  the  open-cuts  on  the  north  side 
of  the  Witham  is  given  in  Plate  XVIIL,  Fig.  7. 

The  ore  at  the  outcrop  generally  is  a  brown  and  yellow  hydrated  per- 
oxide, very  concretionary,  and  in  places  ^■ery  cellular.  The  concretions 
generally  l,>ave  kernels  of  soft  yellow  ore,  but  near  the  base  of  tlie  bed  there 
are  a  few  small  greenish  and  greyish  kernels.     These  consist  of  carbonate  of 
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irou.  The  ore  suiTouudiiig  the  kernels  is  alternately  dark  brown  and 
yellow,  the  dark  brown  layers  being-  much  harder  and  denser  than  those 
that  are  yellow,  and  as  a  rule  arc  much  thinner,  seldom  exceeding 
\"  or  I"  in  thickness.  The  yellow,  green,  and  grey  ores  are  very  oolitic, 
but  the  brown  ore  is  only  partially  so.  The  proportions  of  the  two  classes 
of  ore  is  very  variable,  but  the  laigest  quantity  of  the  brown  kind  occurs 
where  the  bed  has  been  most  weathered,  that  is  where  the  cover  is  least. 
Thence  it  becomes  less  and  less,  in  proportion  to  the  yellow  ore,  as  the 
thickness  of  the  over-lying  rocks  increases.  It  is  probably  very  near 
the  mark  to  say  that,  on  the  average  there  is,  by  weight,  20  per  cent,  of 
brown  ore  and  80  per  cent,  of  yellow  ore,  or,  by  volume,  14  per  cent,  of 
brown  and  86  per  cent,  of  yellow.  The  form  of  the  concretions  is  very 
variable,  sometimes  approaching  an  irregular  spheroid,  in  other  cases  to  a 
parallelopipedon.  They  also  vary  greatly  in  size,  being  least  at  the 
extreme  outcrop  (where  they  are  mostly  under  4  or  5  inches  across)  but 
they  increase  in  size  as  the  cover  becomes  thicker.  Many  of  the  concretions 
are  hollow,  others  are  not  more  than  half-filled  by  their  cores,  and  there 
are  nnmerons  other  cavities  in  the  ore  which  give  it  quite  a  rubbly  and 
cellular  appearance  at  the  outcrop,  but  as  the  cover  increases  in  thickness 
the  bed  becomes  more  and  more  compact,  and  contains  a  larger  proportion 
of  the  green  and  grey  carbonate.  It  also  becomes  more  distinctly  bedded 
and  jointed,  so  that  in  the  mine,  at  200  yards  from  "  day,"  the  section 
given  in  Plate  XYIII.,  Fig.  8,  was  observed. 

The  thickness  of  the  limestone  and  superficial  beds  over  this  section 
would  be  about  21  ft.  At  420  yards  further  in  from  "day,"  that 
is  620  yards  in  all,  the  section  of  the  bed  was  as  in  Plate  XVIII., 
Fig.  0,  shewing  a  still  larger  proportion  of  the  green  and  grey  carbonate 
and  a  further  consolidation  of  the  bed.  The  thickness  of  the  over-lying 
limestone  and  drift  here  is  34  ft. 

The  underground  operations  have  not  been  prosecuted  beyond  this 
point,  so  that  it  is  impossible  to  say  where  the  hydrated  oxide  disappears 
entirely,  but  it  cannot  be  much  beyond  the  present  faces,  for  not  far  in  front 
of  them  a  well  was  sunk  through  the  bed  and  there  it  was  entirely  blue. 
AVhere  the  thickness  of  the  cover  increases  more  rapidly  than  in  the  case 
mentioned  above,  the  change  from  the  oxide  to  the  carbonate,  with  its 
accompanying  increase  of  hardness,  is  effected  in  a  proportionately  shorter 
distance. 
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The  composition  of  the  different  parts  of  the  bed  at  the  outcrop  and 
^vithin  the  mine  is  as  under  : — 


o 

« 

H 
P 

o 

n 

EH 
)Zi 

M 

H 
Pi 
H 

Iz; 

Water  at 
212'  F. 

Water  com- 
bined. 

Peroxide 
of  iron. 

Oxides  of 
alumina 

aud 
manganese. 

6 

1 

o    . 

■2,3 

Salphurlc 

acid. 

1:2 

Insoluble 

siliceous 

matter. 

'3  a 

c 

15-83 
2089 
14-52 

991 

9-95 
8-20 

51-85 
45-33 
33-47 

4-91 
4-64 
4-56 

1-14 

2-19 

11-14 

0-28 
0-49 
0-45 

1-41 
1-64 
1-13 

0-04 
005 
0-04 

0-91 
0-95 
8-24 

13-67 
13-87 
18-25 

36  30 
31-73 
23-43 

c^ 

c» 

c 

14-91 
20-94 
18-99 

10-53 
10-65 
10-90 

54-30 
47-97 
42-50 

3-08 
4-65 
3-72 

1-39 
1-58 
3-35 

0-29 
0-35 
0-35 

1-19 
1-09 

1-57 

0-04 
0-05 
0-05 

1-22 
0-23 

1-84 

13-05 
12-49 
16-73 

88-01 
33-58 
29-75 

c= 

c» 

The  average  yield  of  metallic  iron  from  the  whole  bed 
about  33  or  34  per  cent.  The  chemical  composition  and 
gravity  of  the  different  kinds  of  ore  occurring  in  the  bed  at 
are  set  forth  in  the  following  statement : — 


is  probably 
the  specific 
the  outcrop 


Hard  brown  ore 
of  " shells." 


Water  at  212°  F 

„  combined  and  organic  matter 
Peroxide  of  iron 
Protoxide  ,, 
Oxides  of  alumina  and  manganese 
Lime... 
Magnesia 
Carbonic  acid 
Phosplioric  „ 
Sulphuric  ,. 
Bisulphide  of  ii'on  ... 
Insoluble  siliceous  matter  ... 


Metallic  iron 
Specific  gravity 
Porosity — %  of  bulk 


4-65 
12-31 
66-66 


Soft  yellow  ore 
of  cores. 

19-63 

10-88 
42-76 


4-07 

•87 

•20 

trace 

1-53 

•03 


6-77 
1-02 

•40 

trace 

2-24 

-04 


9-68 


100-00 

46-66 
33 

8 


16^26 

10000 

29-93 
2-3 
28 


Grey  ore 

of  cores. 

5-36 
2-05 
2-30 

39-24 

5-26 

1-87 

•52 

26-08 

1^52 

•05 

2-58 

13-17 

10000 

33-33 
2-6 
16 
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The  whole  of  the  analyses  relating  to  this  deposit  were  made  soon 
allcr  the  samples  were  obtained  from  the  mine,  so  that  they  may  be 
looked  npon  as  showing  very  nearly  the  composition  of  the  ore  in  silu. 

Under  the  microscope  the  hard  brown  ore  is  seen  to  be  very  compact, 
and  in  its  densest  part,  i.e.,  on  the  inside,  as  it  occnrred  in  the  concre- 
tions, it  is  devoid  of  oolitic  structure,  and  contains  numerous  small 
angular  cavities  from  g-Vth  to  xTvVoth  of  an  inch  across.  Some  of  these 
cavities  are  empty,  others  are  filled  with  silica.  The  oolitic  grains  in  the 
grey,  green,  and  yellow  ores  vary  from  the  g^tli  to  the  iJo^h  inch 
in  diameter.  Some  are  solid,  others  are  hollow,  but  they  all  have  a 
concretionary  structure. 

Organic  remains  are  very  scarce  ;  the  writer  has  only  seen  a  piece  of 
wood,  the  tissue  of  which  was  replaced  by  hydrated  peroxide  of  iron. 

The  w^orking  of  the  bed  on  the  north  side  of  the  Witham  was  com- 
menced in  the  early  part  of  1873,  and  has  continued  to  the  present  time 
without  interruption.  The  following  table  gives  the  quantity  of  ore 
obtained  in  the  district  generally  during  the  last  15  years: — 


Tous. 

Tons. 

1873-4 

...  60,356 

1880 

...  87,320 

1875 

. . .  80,890 

1881 

...  81,968 

1876 

. . .  96,143 

1882 

...  86,178 

1877 

...  97,977 

1883 

...  83.040 

1878 

...  92.26i 

1884 

...  81.984 

1879 

...  76,908 

Cottesmore,  Rutlandshire. — This  deposit,  at  the  base  of  the  Inferior 
Oolite,  has  only  been  worked  about  three  years.  It  comes  to  the  surface 
on  the  western  side  of  the  rising  ground,  which  extends  in  a  northerly 
and  southerly  direction  along  by  Market  Overton  and  Cottesmore. 

The  geological  structure  of  the  locality  is  shown  on  Plate  XIX.,  Fig.  2, 
which  is  partly  after  the  survey  map.  The  general  appearance  of  the  ore 
corresponds  very  closely,  both  in  structure  and  colour,  with  that  occurring 
at  the  outcrop  in  Mid-Lincolnshire,  the  main  difference  being  that  in 
some  parts  it  seems  to  be  more  weathered,  and  to  contain  a  larger  pro- 
portion of  the  dark  brown  concretionary  rings  ;  in  fact,  at  and  near  the 
outcrop,  it  consists  of  almost  nothing  else  but  pieces  of  these  rings, 
or  "shells,"  which  are  jumbled  together  in  a  most  irregular  manner — 
the  softer  yellow  ore  having  probably  been  washed  away.  The  quality 
of  the  ore  is  thereby  improved,  but  its  mechanical  condition  is  not  so 
suitable  for  the  furnace.  Generally  the  relative  quantities  of  brown  and 
yellow  ore  are  about  the  same  as  at  Lincoln. 
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Where  the  ore  has  undergone  least  change  by  weathering,  that  is 
wliere  it  is  thickest,  it  is  seeu  to  be  thick-bedded  and  to  be  divided  by 
two  sets  of  vertical  joints.  Some  of  these  joints  are  filled  with  clay 
which  has  come  down  from  the  over-lying  drift.  As  a  rule  the  clay  joints 
are  only  an  inch  or  two  wide,  but  in  some  cases  they  are  as  much  as  12 
or  18  inches  across,  and  have  been  known  to  reach  six  feet.  Where 
frequent,  these  "  gulls,"  as  they  are  called  by  the  workmen,  interfere 
greatly  with  the  working  of  the  ore,  and  a  pit  that  was  opened  out,  not 
far  from  the  present  one,  had  to  be  abandoned  on  their  account.  The 
thickness  of  the  ore,  at  its  greatest,  is  about  nine  feet,  and  it  is  overlaid 
by  sand  and  clay  belonging  to  the  drift,  to  a  depth  of  from  three  to 
seven  feet.  A  section  through  one  of  the  **  gulls"  is  given  in  Plate  XX., 
Fig.  1. 

The  yellow  part  of  the  ore  is  very  oolitic,  some  of  the  cores  consist- 
ing of  nothing  else  but  loose  oolitic  grains,  which  are  mostly  hollow,  and 
give  the  ore  in  these  parts  a  very  sandy  appearance.  They,  however, 
consist  mainly  of  peroxide  of  iron,  and  readily  become  magnetic  in  the 
blowpipe  flame.  The  shells  of  these  hollow  oolitic  concretions  are  about 
T^oth  of  an  inch  thick.  There  does  not  appear  to  be  any  green  or  grey 
cores  in  the  deposit  where  it  has  yet  been  opened. 

The  quality  of  the  ore  may  be  judged  from  the  following  analysis, 
although,  so  far  as  metallic  yield  is  concerned,  it  was  of  a  piece  better 
than  the  average  by  perhaps  8  per  cent.  Moreover,  it  had  been  in  the 
writer's  possession  a  considerable  time,  so  that  the  metallic  yield  had  in 
that  way  also  probably  been  increased  about  5  per  cent,  through  the  loss 
of  hygroscopic  water.  The  average  yield  of  iron,  as  the  ore  occurs  in 
the  bed,  is  about  32  or  33  per  cent. 


Water  at  212°  F 

4-68 

„       combined 

1106 

Peroxide  of  iron 

57-43 

Oxides  of  aliuiiina  and  manganese 

8-86 

Lime 

-Stt 

Magnesia 

-50 

Phosphoric  acid .. . 

2-24 

Sulphuric       „ 

-03 

Cai'bonic        „    ... 

-66 

Insoluble  siliceous  matter         

1310 

9913 

Metallic  iron 


40-20 


THE  IRON  ORES  OK  THE  ENGLISH  SECONDARY  ROCKS.  1^5 

The  specific  gravity  of  the  piece  above  analysed  was  2*5,  and  its 
porosity  29  per  cent. 

The  ontpnt  since  operations  were  commenced  is  given  in  the  mineral 
statistics  as  follows  : — 

Year.  Tons. 

1882  12.753 

1883  41,645 

1884  32,885 

These  figures  include  the  production  of  Fawler,  which  is,  however, 
small.  The  case,  nevertheless,  illustrates  very  well  the  irrational  system 
now  adopted  in  the  mineral  statistics,  for  the  deposit  at  Cottesmore  is  in 
the  Inferior  Oolite,  whilst  that  at  Fawler  is  in  the  Middle  Lias. 

Korthamptonshire. — The  Inferior  Oolite  of  this  county  may  generally 
be  divided  into  two  parts,  the  upper,  consisting  of  sands,  sandstones,  and 
clays,  with  some  calcareous  beds,  the  lower  being  mainly  made  up  either 
of  iron  ore  or  ferruginous  sandstone.  The  whole  series  is  known  to 
geologists  as  the  Northampton  Sand,  and  near  the  town  of  Northampton 
it  has  a  maximum  thickness  of  about  70  feet,  from  which  point  it  be- 
comes gradually  reduced  both  toAvards  the  north-east  and  south-west,  as 
shown  below : — 

.  fc!  '^  9.  3  _; 

^  ■*^  Oi  "  S 

"  g  a  ■^  3 

a  Zl  miles-  s  4  miles.    c«  21  miles,    a    15  miles  "q 

•?    "  I  ^  I  I 

Ft.  in.        Ft.   in.  Ft.    in.  Ft.  in.  Ft.   in. 

Xortlianipton  |  Lower  E.stuarine  Series.  6     6         40     0         13     0         6     6 

Sand.  j  Ferruginous  Beds       ...6     0       12     6         30     0         14    0         9     0 

The  ore  bed  is  of  a  quality  suitable  for  metallurgical  purposes  over  a 
very  large  area,  as  may  be  judged  from  the  fact  that  it  has  been  wrought 
at  each  of  the  following  places: — 


Blisworth. 

Finedou. 

Northampton. 

Tlirapston. 

Bri.wvorth. 

Irchcster. 

Ringstead. 

Towcester. 

Desborongh. 

Kettei'ing. 

Stamford. 

Wellingborough 

To  attempt  a  description  of  the  ore  bed,  as  seen  at  each  of  these 
places,  would  unnecessarily  lengthen  this  communication,  so  that  only  a 
few  examples  will  be  given,  but  they  will  be  selected  so  as  to  illustrate,  as 
fully  as  possible,  the  various  conditions  under  which  the  bed  occurs. 

In  the  neighbourhood  of  Wellingborough,  where,  perliaps,  the  largest 
quantity  of  ore  has  lieen  worked,  it  is  found  immediately  under  a  super- 
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ficial  covering  of  sand,  or  sand  and  gravel,  varying  in  thickness  from  1  to 
about  4  or  5  feet.  The  various  geological  formations  of  the  locality  are 
shown  in  Plate  XXL,  which  is  partly  after  the  survey  map.  The  thick- 
ness of  the  ore  varies  with  the  amount  of  denudation  it  has  undergone 
in  the  different  parts.  For  instance,  at  A,  the  greatest  thickness 
was  about  8  feet  6  inches,  at  B  it  was  only  about  5  feet,  and  at  C  it  was 
about  10  feet;  in  other  parts  it  is  more  than  this.  The  ore  is  not 
worked  down  to  the  Upper  Lias  clay,  one  or  two  inferior  beds  being  left 
on,  but  the  clay  is  never  far  below  the  bottoms  of  the  various  pits.  The 
unworked  beds  are  of  a  concretionary  character,  but  the  cores  are  mostly 
of  sand,  the  only  iron  they  contain  being  in  the  surrounding  rings. 
The  ore,  where  thickest,  is  distinctly  bedded  and  of  a  concretionary 
character,  consisting  of  softish  yellow  oolitic  ore,  and  thin  irregularly- 
shaped  "shells"  of  hard  brown  ore,  as  shown  in  Plate  XX.,  Fig.  2.  Some 
of  the  cores  consist  entirely  of  yellow  sand,  which,  when  closely 
examined,  is  seen  to  consist  of  grains  of  quartz,  mostly  below  Y-hn  of 
an  inch  in  diameter,  and  they  are  coated  with  hydrated  peroxide  of  iron. 
The  proportion  of  brown  and  yellow  ore  here  is  about  the  same  as  ai 
Lincoln.  Cores  of  blue-green  oolitic  ore  are  scarce,  and  always  occur 
near  the  bottom  of  the  bed.  In  some  parts  of  the  bed  walls  of  clay,  or 
sandy  clay,  are  met  with.  They  extend  from  the  top  of  the  ore  down- 
wards, and  appear  to  be  filled  joints  like  the  "gulls"  in  the  ore  at 
Cottesmore,  Plate  XX.,  Fig.  2. 

Where  the  ore  is  thin,  and  the  cover  perhaps  also  thin,  so  that 
weathering  action  has  been  favoured,  there  is  frequently  very  little  else 
but  the  brown  ore  "shells,"  which  he  together  in  a  very  confused 
manner.  The  yellow  ore  originally  forming  the  cores  has  probably 
been  washed  away — unless  it  be  that  the  whole  of  it  has  been  converted 
into  brown  ore  by  longer  exposure.  One  fact  may  be  noticed,  which 
is  of  wide  occurrence  in  Northamptonshire,  and  that  is  that  the  bed- 
planes,  where  the  ore  has  been  much  altered,  have  a  more  rapid  dip 
than  the  bed  itself,  as  shown  in  Plate  XX.,  Fig.  3.  The  bed  here  is 
nearly  level,  but,  as  seen  in  the  section,  the  bed-planes  have  a  consider- 
able dip. 

On  the  west  side  of  the  road  leading  from  WelHngborough  to  Finedon, 
and  not  far  from  the  latter  place,  the  ore  occurs  under  similar  conditions  to 
that  at  Wellingborough,  but  is  thicker,  being  about  13  feet  G  inches  thick, 
under  a  sandy  cover  varying  from  1  to  4  feet.  The  upper  3  feet  of  ore 
is  concretionary,  cellular,  and  fragmentary,  as  at  Wellingborough  ;  but  the 
lower  10  feet  is  much  more  compact,  and  shows  one  very  well  defined  bed- 
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plane  about  the  middle.  This  lower  part  of  the  bed  is  also  intersected 
by  two  sets  of  vertical  joints,  many  of  which  are  wide,  in  some  cases 
being  more  than  an  inch  across,  and  they  are  mostly  unfilled.  Kernels 
of  bluish  and  greenish  carbonate  are  much  more  abundant  here  than  at 
Wellingborough,  and  thoy  are  much  commoner  in  the  compact  ore  than 
in  the  fragmentary  ore  at  the  top. 

The  open  vertical  joints  just  referred  to  are  a  very  conspicuous  feature 
of  the  bed  at  Duston,  near  Northampton  ;  some  of  the  joints  there  are 
as  much  as  a  foot  wide.  Sometimes  they  are  filled  with  fine  ore  that  has 
fallen  from  the  upper  part  of  the  bed,  in  other  cases  they  are  open.  The 
plane  face  exhibited  by  these  joints,  when  viewed  sidewise,  does  not  show 
the  slightest  evidence  of  the  concretionary  condition  of  the  ore — which 
is  presented  when  the  joints  are  viewed  endwise — a  fact  which  will  be 
better  understood  irom  the  sketch  of  part  of  the  ore  bed  adjoining 
one  of  these  joints,  as  shown  in  Plate  XX.,  Fig.  4.  At  Duston  also 
may  be  seen  a  striking  instance  of  the  fact  already  mentioned,  that  in 
some  instances  the  bed-planes  dip  at  a  greater  angle  than  the  bed  itself. 
It  is  in  that  locality,  too,  tliat  the  ore  bed  attains  its  maximum  develop- 
ment, having  been  over  30  feet  thick  in  places. 

On  the  opposite  side  of  the  road  from  the  pit  near  Finedon — already 
in  part  described — the  ore  passes  in  below  the  clay  of  the  Upper 
Estuarine  Series,  and  has  i)een  worked  in  that  position  with  a  cover  of 
15  feet,  as  shown  in  the  section  on  Plate  XX.,  Fig.  5.  Here  the  ore  is 
still  more  compact,  and  more  distinctly  bedded  than  in  the  pit  on  the 
opposite  side  of  the  road,  where  there  is  only  a  porous  drift  covering, 
and  it  contains  a  larger  proportion  of  green  and  grey  kernels.  These 
kernels  are  also  of  an  increased  size,  some  of  them  being  as  much  as  18 
inches  in  diameter. 

On  Hunsbury  Hill,  iioar  Northampton,  the  ore  is  worked  with  a 
covering  as  thick  as  at  Finedon,  but  there  it  is  mostly  of  sand.  A 
section  of  the  bed  as  exposed  in  one  of  the  working  faces  at  the  former 
place  is  given  in  Plate  XX.,  Fig.  6.  With  this  amount  of  cover  the  ore 
is  very  compact ''and  is  as  distinctly  bedded  and  jointed  as  any  sandstone 
or  limestone,  but  as  it  is  followed  down  the  hill  side,  where  the  cover 
becomes  thinner  and  eventually  disappears,  there  is  a  gradual  approxi- 
mation to  the  rubbly  character  presented  by  the  bed  in  similar  situations 

elsewhere. 

The  Northampton  ore  generally  contains  numerous  organic  remains, 
about  238  different  species  having  been  found  by  Mr.  S.  Sharpe.    A  list 
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of  the  Cephaloiwda  and  of  the  commoner  Lamellibranchiata  being-  given 
below  : — 


Ammonites  bifrons,  Phil. 

.,  insiguis,  junior,  Schuhler. 

„  Murchisonae,  Sow. 

„  Martiusii,  B'Orh. 

.,  opalinus,  Bein. 

Nautilus  obesus,  Sow. 

„         polygonal  is.  Sow. 

.,         sinuatns.  Sow. 
Belemnites  acutus,  Miller. 

„  Bessiims,  D'Orh. 

„  elongatus.  Miller. 


Belemnites  (phragmocones). 
Cardium  cognatum,  Phil. 
Isocardia  cordata.  BucTcm. 
Ceromya  Bajociana,  D'Orb. 
Lima,  various  species. 
Cucullffla,  various  species. 
Macrodon  hirsonensis,  Mor.  and  Lye, 
Trigonia,  various  species. 
Pecten  domissus,  Phil. 
,,      lens.  Sow. 


Most  of  the  shells  have  had  their  limy  matter  replaced  by  peroxide 
or  carbonate  of  iron,  and  adjoining  the  shells  there  is  frequently  a  narrow 
band  of  the  brown  denser  ore. 

The  composition  of  the  ore  in  different  parts  of  the  district  is  set 
forth  in  the  following  table  : — 


Stamford 
brown  ore. 

Stamford 
grey  ore. 

Towcester. 

Welling- 
borough. 

Thrapston. 

Water  at  212°  F 

,,      combined  and  organic  matter 
Peroxide  of  iron 
Pr(>t()xide  of  iron 
Oxides  of  alumina  and  manganese 
Lime 

Magnesia           

Carbonic  acid    ... 
Phosphoric  acid 
Sulphuric  acid  ... 
Soluble  silica    ... 
Insoluble  siliceous  matter 

Metallic  iron     ... 

4-12 

7-76 

57-55 

4-07 

362 

•50 

2^82 

•76 

•02 

1878 

-  ■; 

29-89 

2-11 

10-96 

2-44 

30-37 

-79 

trace 

•12 

23-32 

14-60 
64-62 

3-91 
-90 
-25 

2-15 
-05 

13-52 

11-37 
52-20 

7-64 
713 
-57 
4-92 
1-26 

1-60 
13-55 

14-16 
64-72 

3-49 

3-96 

-53 

206 
•07 

11^40 

100-00 

10000 

100-00 

100-24 

100-39 

40-28 

23-25 

45-24 

37-00 

45-30 

These  analyses  are  given  merely  as  illustrations  of  the  different  classes 
of  ore  and  not  to  show  the  general  composition  of  the  ore  yielded  by  the 
particular  districts  named.  The  lime,  it  will  be  noticed,  is  very  variable, 
in  some  cases  being  almost  absent.  There  is  also  considerable  variation 
in  the  alumina.  Silica  is  the  predominant  non-metallic  mineral.  The 
above  analyses  being  of  specimens  in  an  air-dried  condition,  give  a 
higher  percentage  of  metallic  iron  than  the  ore  contains  in  situ.  More- 
over, 3  and  5  are  better  than  average  samples,  for  taken  as  a  whole  this  ore, 
as  it  comes  from  the  bed,  will  not  yield  more  than  about  34  or  35  per 
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cent,  of  metallic  iron.  This  is  less  than  is  o-iveu  in  most  luiblished 
analyses,  and  for  the  reason  that  they  do  not,  as  a  rule,  take  into  account 
the  lull  quantity  of  moisture.  This  remark  also  applies  to  the  Ijulk  of 
the  published  analyses  of  other  ores  of  this  class. 

The  average  of  IS  analyses  gives  the  percentage  weights  of  lime,  etc., 
in  the  ore  as  follows  : — 

Average.  Vaiiations. 

Silica  lloO  ...  2-16— 21)07 

Alumina 576  ...  1-56— 1513 

Lime  2-40  ...  -Q  —25-68 

Magnesia -62  ...  -Q  —  413 

The  average  specific  gravity  of  the  ore  may  probably  be  taken  at  2'5; 
and  its  porosity  varies  from  about  13  to  3()  per  cent. 

The  recent  working  of  this  ore  was  commenced  about  1852,  and  the 
quantity  obtained  during  the  last  30  years  is  shown  by  the  following 
table  : — 


Year. 

Tons 

Year. 

Tons. 

1855    

74,084 

1870   

887,020 

1856    

91,592 

1871   

914,435 

1857    

107.985 

1872   

1,174,211 

1858    

140,485 

1873   

1,412.255 

1859    

130,098 

1874   

1,056,478 

1860    

95,664 

1875   

1,085,898 

1861    

113,129 

1876   

1,161,130 

1862    

116,718 

1877   

1,049,806 

1863    

126,578 

1878   

1,189,443 

1864    

335.787 

1879   

1,211,406 

1865    

364,349 

1880   

1.550,103 

1866    

476,981 

1881   

1.270,544 

1867    

416,765 

1882   

1,333,085 

1868    

449,116 

1883   

1,290,087 

1869    

540,259 

1884   

1,279,783 

In  the  Middle  Oolite. 

The  only  deposit  at  present  working  in  these  rocks  is  a  bed  at  West- 
bury  station,  in  AViltshire  ;  but  some  years  ago  the  same  bed  was 
wrought  near  Heywood,  a  few  miles  north  of  Westbury.  It  occurs  in 
the  upper  part  of  the  Coralline  rocks,  as  shown  in  Plate  X.  At  Abbots- 
bui'y,  in  Dorsetshire,  there  is  a  similar  deposit  on  the  same  horizon,  but  it 
is  not  worked,  so  that  the  following  remarks  will  be  confined  to  the 
former  locality.  The  superficial  areas  occupied  by  the  various  strata 
associated  with  the  "VYestbury  ore  are  indicated  in  Plate  XXII.,  Fig.  1. 
which  is  partly  after  the  survey  map.  These  di-awings,  with  the  help  of 
the  diagramatic  section  on  Plate  XX.,  Fig.  7,  will  make  the  position  of 
the  deposit  fairly  clear. 
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Below  the  limestone  (F),  Plate  XX.,  Fig.  7,  there  is  12  feet  of  stiff 
marl,  and  under  that  about  50  feet  of  saud,  including  4  or  5  separate 
and  distinct  beds  oi  rock,  each  about  1  foot  thick  (lower  calcareous  grit), 
then  comes  the  Oxford  Clay. 

The  dip  of  the  ore  bed  is  to  the  east  at  about  1  in  l-t  to  1  in  20. 
Its  thickness,  just  under  the  Kimmeridge  Clay,  including  inferior  bands, 
is  about  11'  6",  but  it  appears  to  grow  thinner  to  the  dip  for  about  400 
yards  eastward  from  the  present  working  face,  a  sinking  was  made 
through  50  feet  of  Kimmeridge  Clay  and  the  ore  was  found  to  be  only 
2  feet  thick.  On  the  opposite  side  of  tho  railway  from  the  present 
workings,  that  is  to  the  rise,  the  thickness  was  about  14  feet. 

"Where  the  over-burden  is  thin  or  porous  the  ore  is  a  brown  hydrated 
peroxide,  but  under  the  Kimmeridge  Clay  it  is  a  dark  bluish  or  greenish 
carbonate,  the  change  from  one  class  of  ore  to  the  other  being  gradual, 
and  dependant,  in  part,  upon  the  thickness  of  the  cover  as  shown  in  the 
section  on  Plate  XX.,  Fig.  8,  which  exhibits  one  of  the  working  faces  in 
the  pit  just  opposite  the  railway  station. 

The  ore  is  thin-bedded,  particularly  near  the  top,  and  where  blue  is 
fairly  compact  and  works  off  in  flakes  as  at  Frodingham  and  Caythorpe, 
but  the  brown  ore  is  in  a  very  loose  and  fragmentary  condition.  Nine 
inches  of  the  bed  just  under  the  Kimmeridge  Clay  is  shaly  and  fossiliferous 
and  is  consequently  rejected  in  working.  Below  this  there  is  a  2  feet  bed 
of  good  ore,  and  then  another  fossiliferous  band  9  inches  thick,  which  is 
also  thrown  away.  The  remainder  of  the  bed  below,  8  feet  thick,  is  all 
sent  to  the  furnaces. 

The  composition  of  the  two  kinds  of  ore  is  given  below,  though 
the  quality  of  the  samples  from  which  the  results  were  obtained  was 
better  than  the  average. 


Water  (combined) 
Peroxide  of  iron     ... 

Protoxide  of  iron 

Silica  

Alumina 

Lime  

Magnesia 

Phosphoric  acid      —  ...  trace 

Sulpbuiic       „  —  •••  '10 

Carbonic        , 1-45  ...  30-01 


Dried  at  212 

•F. 

own  ore. 

Dark  greenish  ore. 

13-70 

•  •• 

— 

69-93 

1-32 

— 

17-25 

18-99 

■  •  . 

U-72 

3-22 

•  ■ 

0.46 

1-84 

•  •• 

-74 

-84 

... 

-36 

99-97  99-96 

iNIetallic  Iron  41-95  ...  37-67 

,,  ,,    in  the  raw  ore  about  37-00  ...  36-00 
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The  dark  bluish  or  greenish  ore  effervesces  when  wetted  with  acid,  but 
the  brown  does  not.  The  average  specific  gravity  of  the  brown  ore  is 
about  2-0,  of  the  bhie  and  green  ore  2-6,  and  their  respective  porosities 
are  about  25  and  li  per  cent. 

The  ore,  both  bhie  and  brown,  is  very  oolitic,  and  the  grains  are 
mostly  hollow.  Organic  remains  are  not  abundant,  except  in  the  two 
inferior  bands  which  are  rejected  in  working.  In  them  Ostrea  deltoidea 
occurs  in  large  numbers.  A  list  of  the  fossils  found  throughout  the  bed 
is  given  below,  after  Iludleston  and  Blake.* 
Ammonites  Benjeii,  Les. 
decipiens,  Sow. 

,,         pseuclo-cordatus,  Bl.  and  //. 
Cardium  delibatiun.  Be  Lor. 
Pholadomya  heniicardia,  Ag. 
Perua  quadra ta,  Sow. 

The  deposit  was  first  worked  in  or  about  the  year  1856,  and  the 
annual  quantity  of  ore  raised  during  the  interval  is  recorded  in  the  table 
below : — 


Pecteu  lens,  Sow. 

„      niidus,  D'Orb. 

„      distriatus,  Leym. 
Ostrea  deltoidea,  Soto. 
Serpula. 


Year. 

Tons. 

Year. 

Tons. 

Year. 

Tona. 

185G  ... 

...   5,000 

1867  ... 

. . .  82,586 

1876  ... 

..  83,957 

1858  ... 

...   5,719 

1868  ... 

...  75,084 

1877  ... 

..  79,176 

1859  ... 

...  27,612 

18G9  ... 

...  101,795 

1878  ... 

..  84,756 

18C0  ... 

...  41,200 

1870  ... 

...  101,423 

1879  ... 

..  47.623 

1861  ... 

...  40,779 

1871  ... 

...  109,151 

1880  ... 

..  67,500 

1862  ... 

. . .  47.900 

1872  ... 

...  95,117 

1881  ... 

..  39,222 

1863  ... 

...  72,612 

1873  ... 

...  105,929 

1882  ... 

..  99,176 

1864  ... 

...  79,918 

1874  ... 

...  86,120 

1883  ... 

..  92,114 

1865  ... 

...  77,291 

1875  ... 

...  87,152 

1884  ... 

.,  62,234 

1866  ... 

...  75,645 

In  the  Lowee  Cretaceous  Rocks. 

Iron  ore  has,  in  recent  times,  been  worked  at  two  places  only  in  these 
rocks,  viz..  in  Xorth  Lincolnshire  and  Wiltshire,  but  formerly  this  horizon 
was  one  of  the  principal  sources  of  iron  ore  in  the  country.  In  the  old 
days  when  charcoal  was  the  fuel  used  in  iron  smelting,  the  counties  of 
Surrey  and  Kent  were  famous  for  their  iron  furnaces,  and  the  ore  used  in 
them  was  obtained  from  these  rocks  in  the  district  known  as  the  Weald; 
but  the  scarcity  of  timber,  combined  with  the  introduction  of  coke  else- 
where, put  a  stop  to  these  once  important  industries. 

Claxby,  Lincolnshire. — Along  the  rising  ground,  which  occurs  on 
the  west  of  the  Lincolnshire  Wolds,  there  crops  out  a  group  of  strata 

*  "  On  the  Corallian  Rocks  of  England,"  Quart.  Journal  Geo.  Soc,  Vol.  XXXIII., 

1877. 
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belonging  to  the  Neocomians.  From  palgeoutological  considerations 
they  have  been  divided  into  Lower,  Middle,  and  Upper.  In  the  Middle 
group  there  is  a  bed  of  iron  ore  which  has  been  worked  in  a  small 
way  at  Hundon,  near  Castor,  and  about  seven  miles  fui-ther  south  at 
Tealby;  but  it  is  only  near  Claxby  that  any  quantity  of  ore  has  been 
obtained.  1'he  bed  there  comes  to  the  surface  about  half  way  up  the 
steeply  rising  ground  which  extends  southwards  from  Acre  House  by  the 
eastern  side  of  the  village  of  Claxby,  and  it  is  worked  by  means  of  mines 
which,  at  the  present  time,  have  extended  about  half-a-mile  into  the  hill. 
The  geological  structure  of  the  locality  is  represented  genei'ally  in  Plate 
XXII.,  Fig.  2,  and  the  exact  vertical  position  of  the  ore  bed  is  shown  in 
Plate  X.,  and  in  the  section  on  Plate  XX.,  Fig.  9,  which  was  obtained  in 
sinking  an  air  shaft  to  the  mine. 

The  dip  of  the  bed  is  to  the  east  at  a  very  low  angle,  and  the 
thickness  of  the  workable  part  of  it  is  about  6  ft.  Under  it  there  is 
from  5  to  7  ft.  of  hard  yellowish  clay  ;  below  this  again  is  coarse  greenish 
sand,  in  which  are  blocks  of  sandstone  formed  of  the  same  kind  of  sand 
in  a  limy  matrix.  The  roof  of  the  ore  is  clay :  for  about  2  ft.  above  which 
is  clay  with  iron  ore. 

The  ore  is  a  brownish  yellow  hydrated  peroxide,  very  oohtic,  the  grains 
being  mostly  of  a  shining  black  and  hollow.  It  has  this  prevailing 
brownish  yellow  colour  even  where  the  working  faces  are  at  present — 
half-a-mile  in  from  day.  It  is,  however,  much  harder  now  than  it  was  at 
the  outcrop. 

Organic  remains  are  numerous,  the  most  common  form  being  Pecten 
dnclus.  The  various  species  found  in  the  ore  are  named  in  the  following 
list  after  Keeping: — * 


Belemnites  lateralis,  Phil. 
„        quadratus,  Rom. 
sp. 
Ammonites  noricus,  Schl. 

„         plicomplialus,  Sew. 
Exogyra  sinuata,  Sow. 
E.  Tombeckiana,  D'Orb. 
Pecteu  cinctus,  Sow. 

„     striato-punctatus,  Horn. 
,,      sp. 
Avicula  macroptera.  Rom. 
Lima  Tombeckiana,  D'  Orb. 
„      sp. 


Pleurotomaria  neocomiensis,  i?'  07'b. 

„  sp. 

Species  of  Trochus,  Turbo,  Neritopsis  and 

Emarginula. 
Pileopsis  neocomiensis,  Gardv. 
Ostrea  frons,  Park. 
Trigonia  ingens,  l/j/c. 
Astarte  robusta,  Lye. 
Species  of   Modiola,   CucuUaja,  Tellina, 

Sphsera,    Cyprina,    Mjacites,    Phola- 

domya,  and  Sovverbya. 
Serpula  lophioides,  Goldf. 

„       gordialis,  ScIiL 


*  "  On  some  sections  of  Lincolnshire  Neocomian,"  Quart.  Journal  Geo.  Sue,  ^'ol. 
XXXVIIL,  1882. 
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The  constituents  of  the  ore  liave  been  determined  by  analysis  to  be 
as  follows  : — 


Water  at  212°  F 

.,       combined 
Peroxide  of  iron 

Oxides  of  aliiniiiia  and  manganese  .. 
Lime    ... 
Magnesia 
Phosj)horic  acid 
Sulphnric       „ 
Carbonic        ,. 
Insoluble  siliceous  matter    ... 


5-68 

10-48 

52-86 

6-45 

2-00 

1-57 

•24 

trace 

2-94 

17-26 


99-48 


Metallic  iron 


37-00 


The  sample  givino-  these  results  was  in  a  highly  air-dried  condition, 
so  that  the  metallic  iron  is  from  ;•>  to  4  pei-  cent,  higher  than  would  have 
been  obtained  from  the  same  piece  of  ore  immediately  after  it  came  from 
the  mine.     For  the  same  reason  the  water  given  oflF  at  212°  F.  is  less. 

The  average  specific  gravity  of  the  ore  is  about  2-5,  and  its  porosity 
about  25  per  cent. 

The  deposit  has  been  worked  since  1868,  or  thereabouts,  and  the 
annual  quantity  dispatched  from  the  works  since  has  been  as  under: — 


Year. 

Tons. 

Year. 

Tons. 

Year. 

Tons. 

1868  ... 

...   7.054 

1874  ... 

...  42,731 

1880  ... 

...  21,937 

1869  ... 

...  38,146 

1875  ... 

...  45.328 

1881  ... 

...   8,557 

1870  ... 

...  40,078 

1876  ... 

...  47,037 

1882  ... 

...  14,215 

1871  .. 

...  50,028 

1877  ... 

...  23.195 

1883  ... 

...  16,863 

1872  .. 

...  61.357 

1878  ... 

...  18,015 

1884  ... 

...   6,821 

1873  ... 

...  78,290 

1879  ... 

...   2,565 

1885  ... 

nil 

Semd,  Wilts. — Some  years  ago,  when  the  furnaces  at  Seend  were 
working,  a  considerable  quantity  of  ore  was  obtained  between  where  they 
stand  and  the  village.  It  occurs  in  the  Lower  Green  Sand,  which  there 
reposes  on  the  Kimmeridge  Clay.  Plate  XXII.,  P'ig.  1,  partly  after 
the  Survey  map,  shows  the  area  occupied  by  the  different  rocks  of  the 
neighbourhood,  and  the  diagramatic  section,  Plate  XX.,  Fig.  10,  will 
convey  an  approximately  accurate  idea  of  the  general  appearance  pre- 
sented by  the  deposit  in  the  working  faces.  The  lines  in  this  section 
showing  the  false  bedding  are  irregular  lines  of  orey  concretions  in 
which  the  bulk  of  the  iron  in  the  deposit  is  concentrated.     Many  of  the 
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concretions  have  a  core  of  yellow  sand,  the  grains  of  which  are  from 
the  1-lOth"  to  the  l-60th"  diameter,  and  consist  of  silica  dusted  with 
hydrated  peroxide  of  iron.  When  exposed  to  the  wind  this  sand  is, 
in  many  cases,  blown  out,  so  that  a  face  which  has  not  been  worked  for 
some  time  has  a  very  cellular  appearance.  Between  the  different  bands 
of  irony  concretions  the  bed  consists  mostly  of  sand  of  a  similar  cha- 
racter to  that  just  mentioned,  and  it  is  in  places  thickly  set  with  sili- 
ceons  pebbles,  some  of  which  are  as  miich  as  three-quarters  of  an  inch 
on  their  larger  axis.  The  ])ed  is  much  softer  in  these  sandy  parts 
than  where  it  is  richest  in  iron.  As  shown  in  the  section  just  referred 
to,  the  deposit  is  traversed  occasionally  by  strong  vertical -joints,  some  of 
which  are  as  much  as  a  foot  in  width  and  open.  Others  are  filled  with 
surface  material.  In  this  respect  the  deposit,  when  seen  from  a  little 
distance,  bears  a  striking  resemblance  to  some  of  the  ore  in  Northampton- 
shire. 

As  a  rule  the  deposit  is  not  worked  down  to  the  Kimmeridge  Clay, 
about  6  feet  at  the  bottom  being  so  pebbly  and  otherwise  poor  that  it  is 
usually  left.  The  greatest  thickness  that  has  been  worked  is  about  28 
feet,  but  ordinarily  it  will  run  about  18  to  20  feet  with  a  cover  of  from 
4  to  5  feet. 

The  quality  of  the  ore  as  despatched  to  the  market,  although  cer- 
tainly siliceous,  is  not  so  bad  in  that  respect  as  might  be  expected.  This 
is  owing  to  the  fact  that  most  of  the  sand  and  pebbles  are  easily 
separated  in  working.  Below  are  the  results  of  an  analysis  of  a  piece 
from  the  orey  part  of  tlie  deposit : — 


Peroxide  of  iron 
Silicia 
Alumina  ... 
Lime 
Magnesia 
Phosplioric  acid  . 
Water      .. 


61G1 

18-02 

3-85 

•64 

•20 

•64 

11-85 

99^81 


Metallic  iron       45"22 

The  average  specific  gravity  of  the  orey  part  of  the  bed  is  about  2*5, 
and  its  porosity  varies  from  13  to  22  per  cent. 

It  is  about  30  years  since  this  ore  was  first  worked,  and  for  about 
six  years  at  first  the  operations  were  fairly  continuous,  but  Irom  1862  to 
1870  work  was  altogether  suspended.     In   1871  it  was  resumed  again, 
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and  continued  until  1874,  since  which  time  the  deposit  has  I'cmainod 
unworked,  except  for  a  Httle  while  in  the  winter  of  1884-85.  The 
details  of  output  are  given  below  : — 


Tons. 

Tons. 

185fi 

10,000 

1801 

...   15,000 

1857 

15,500 

1871 

...   50,713 

1858 

4.103 

1872 

1,000 

1859 

1.381 

1873 

. . .   34,200 

isno 

...   32,000 

1874 

500 

III.— GENERAL   OBSERVATIONS,  INCLUDING   REMARKS  ON  THE 
ORIGIN  OF  THE  DEPOSITS. 

In  taking  a  general  view  of  the  deposits  one  or  two  rather  important 
facts  appear.  In  the  first  place,  it  will  be  observed,  they  are  all  in  close 
association  with  immense  masses  of  clay.  Taking  the  Seend  ore  first,  it 
is  seen  that  although  that  deposit  occurs  in  the  Lower  Green  Sand,  yet  it 
rests  directly  on  the  Kimmeridge  Clay.  Proceeding  next  to  the  Claxby 
ore,  in  the  Middle  Neocomian,  it  is  found  to  be  practically  based  on 
the  same  clay,  there  being  only  about  6  feet  of  coarse  sand  intervening. 
Then  the  Westbury  bed,  in  the  Coralline  rocks,  is  at  the  base  of  the 
Kimmeridge  Clay.  Coming  to  a  still  lower  horizon  the  deposits  of  the 
Inferior  Oolites  of  Yorkshire,  Mid-Lincolnshire,  Rutlandshire,  and  North- 
amptonshire are  all  found  at  the  top  of  the  enormous  mass  of  clay  which 
constitutes  the  Upper  Lias,  whilst  at  the  base  of  that  clay  there  are 
the  extensive  beds  of  ore  that  are  worked  in  Cleveland,  Lincolnshire, 
Leicestershire,  and  Oxfordshire.  Lastly,  the  Frodingham  ore  occurs  in 
the  midst  of  a  great  body  uf  clay. 

Another  fact,  which  is  probably  more  than  an  accidental  occurrence, 
is  that  the  deposits,  for  examjole,  at  the  top  and  bottom  of  the  Upper 
Lias — that  is  to  say,  the  ores  of  the  Inferior  Oolite  and  the  Marlstone 
rock-bed — do  not,  so  far  as  is  known,  attain  their  maximum  development 
in  superposition,  but  alternately  ;  thus,  in  Cleveland,  when  the  "  Main 
Seam  "  (of  the  Middle  Lias)  is  best,  there  is  scarcely  a  trace  of  the  "  Top 
Seam"  of  the  Inferior  Oolite,  whilst  in  Rosedale,  where  the  latter  seam 
acquires  its  greatest  importance,  the  former  seam  has  almost  disappeared. 
Again,  the  ore  of  the  Inferior  Oolite  extends  in  a  more  or  less  workable  con  • 
dition  from  Lincolnshire  soutliward  to  Coleby  whence  it  rapidly  deteriorates, 
but  at  Caythorpe,  a  few  miles  south  of  Coleby,  the  Marlstone  rock-bed  is 
highly  ferruginous,  and  continues  so  in  a  greater  or  less  degree  to 
Holwell,  in  Leicestershire,  but  to  the  south  of  that  place  through 
Rutlandshire  and  Northamptonshire  it  has  more  of  the  character  of  a 
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limestone  than  of  an  iron  ore.  Riinnltaneously  with  tlie  deterioration  of 
this  bed,  south  of  Holwell,  there  is  a  marked  improvement  in  the  ore- 
bearing  zone  of  the  Inferior  Oolite,  A.t  Cottesmore,  in  Rutlandshire, 
it  is  so  well  developed  as  to  be  workable,  and  it  preserves  that  condition 
more  or  less  through  Rutlandshire  and  Northamptonshire  as  far  as  Tow- 
cester,  where  it  dies  out.  A  few'  miles  beyond,  at  Adderbury  and  King's 
Sutton,  the  Marlstone  rock-bed  again  becomes  a  workable  ore,  and  con- 
tinues so  to  Faw^ler,  the  most  southerly  point  at  which  ore  has  been 
obtained  from  either  of  the  two  horizons  under  consideration. 

The  number  of  places  at  which  the  deposits  immediately  above  and 
below  the  Kimmeridge  Clay  have  been  worked  is  too  small  to  enable  it  to 
be  said  whether  a  similar  alternation  exists  in  them,  but  it  would  seem  to 
do  so  from  the  relative  position  of  the  deposits  at  Westbury  and  Seend. 
The  writer  does  not  wish  to  attach  an  undue  importance  to  this  alterna- 
tion of  deposits  in  different  horizons,  as  further  explorations  may  prove 
that  it  is  more  apparent  than  real,  but  he  considers  the  facts,  so  far  as 
known,  to  be  at  least  worthy  of  mention. 

When  the  deposits  on  any  given  horizon  are  examined  over  a  large 
area  it  is  found  that  there  is  not  a  great  difference  in  their  chemical 
constitution.  Besides  the  hydrated  peroxide  or  carbonate  of  iron  con- 
tained in  these  ores  they  all  possess  a  considerable  proportion  of  ordinaiy 
rock-forming  minerals,  such  as  silica,  alumina,  lime,  and  magnesia.  The 
relative  percentage  weights  of  each  of  these  different  materials  in  the  ores 
of  the  Inferior  Oolites  and  Middle  Lias,  at  most  of  the  places  where  they 
have  been  worked,  are  given  in  the  following  statement : — 

Ores  of  the  Inferior  Oolite. 


Silica. 

Alumina. 

Lime. 

Maguesia. 

Totals. 

1  Rosedale 

...       13-33 

8-34 

.-)-09 

2.75 

29-51 

2  Mid-Lincolnshire 

...       13-67 

4-59 

3-24 

-oG 

21-86 

3  Rutlandshire  ... 

...       11-91 

8-0.5 

-.50 

•45 

20-91 

4  Northamptonshire 

11-.59 

5-76 

2-40 

•fi2 

20-37 

Ores  of  the 

Middle  Lias. 

Silica. 

AUuiiina. 

Lime. 

Magnesia. 

Total.s. 

5  Cleveland 

...       11-42 

8-63 

.5.13 

2-99 

28-17 

6  Caythorpe 

...        11-11 

9-09 

7-12 

-.52 

27-87 

7  Holwell 

...        11-4 

902 

3-6 

1-06 

25-08 

8  Fawler 

...        11-21 

7-14 

8-3.5 

•66 

27-36 

2,  4  and  5  are  each  the  average  of  18  promiscuous  analyses.      The  others  are 
of  fairly  average  samples. 

The  ores  on  both  horizons,  it  will  be  noticed,  contain  more  magnesia 
in  Yorkshire  than  anywhere  else.     The  siliceous  and  aluminous  materials 
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are  toi>-etlier  fairly  constant  throughout.  'I'lic  greatest  variation  is  iu 
the  lime.  I  and  .">  are  carbonates,  the  others  are  hydrated  peroxides. 
The  Ibrnier  contains  a  larger  proportion  of  these  rock-lbrming  materials 
than  the  latter,  but  they  hold  much  less  water. 

Although  all  the  deposits  that  have  been  described  are  at  their  out- 
crops more  or  less  hydrated  peroxides,  yet  there  is  scarcely  room  for  doubt 
that  originally  they  existed  as  carbonates,  and  that  they  lia\c  been  altered 
by  the  action  of  oxygenated  water  in  accordance  with  the  re-action 
indicated  by  the  following  cheuu'cal  ibrmula  : — 


4  Fe  CO,  +  O,  +  :i  H,,  O  =  Fe^  H,,  0„   +  4  C(» 


1 


In  other  words  the  carbonate  of  iron  lias  been  decomposed  ;  carbonic 
acid  given  off,  and  oxygen  and  water  taken  up.  One  of  the  results  of 
this  re-action  is  a  loss  of  volume  of  about  18  per  cent.  As,  however,  the  ore 
contains  a  considerable  percentage  of  impurities  which  would  be  unaffected 
by  the  above  re-action,  the  loss  of  volume  would  not  be  so  great  as  just 
stated.  For  the  purpose  of  iUustration  let  it  be  assumed  that  the  con- 
stitution of  the  unaltered  ore  was  as  follows : 

Percentage  Weight. 
Carbouate  of  iron  ...  ...  66 

Silica,  alumina,  lime,  etc.  ...  Hi 

100 

The  diminution  of  volume  resulting  from  the  alteration  of  this  ore, 
in  accordance  with  the  above  formula,  w'ould  be  about  12  per  cent.  Thus 
an  explanation  of  the  open  joints  and  the  increased  porosity  of  the  ore  at 
the  outcrop  is  obtained,  and  it  is  also  seen  why  the  ore  is  more  altered 
and  less  compact  as  it  is  more  accessible  to  atmospheric  water,  and  con- 
versely why  it  is  more  compact  and  less  altered  as  its  protection  from 
the  action  of  such  water  increases— as  set  forth  in  the  detailed  descrip- 
tions of  the  deposits  of  Mid-Lincolnshire  and  Northamptonshire. 

The  unequal  distribution  of  iron  in  the  altered  part  of  the  bed,  that  is 
in  the  alternating  bands  of  yellow  and  brown  ore,  is  a  problem  of  more 
difficulty,  but  it  is  clearly  connected  with  the  jointing,  and,  therefore, 
most  probably  Avith  the  circulation  of  atmospheric  waters.  From  the 
analyses  given  of  the  different  kinds  of  ore  occurring  in  the  deposit  at 
the  base  of  the  Inferior  Oolite  in  Mid-Lincolnshire — and  which  may  be 
considered  as  typical  of  the  several  varieties  of  ore  in  most  of  the  deposits, 
it  appears  that  the  yellow  ore  contains  less  and  the  brown  ore  more  iron 
than  the  green  or  grey  ore,  whence  they  were  both  derived,  the  iron  in 
the   latter   descriptions   of   ore   being   distributed    much    more   evenly 
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tliroughout  the  mass,  or  perhaps  it  is  more  accurate  to  say  that  the 
variations  are  not  nearly  so  great,  nor  so  sudden  in  them,  as  in  the 
weathered  portion  of  the  bed.  The  existence  of  the  green  and  grey  cores, 
and  their  increasing  size  as  the  "day"  is  left,  shows  that  the  alteration 
has  been  gradual,  whilst  such  sections  as  those  exhibited  in  the  mine  at 
Lincoln  prove  that  it  has  taken  place,  first  along  the  lines  of  jointing — the 
ore  adjoining  the  main  joints  first  showing  evidence  of  the  change,  and 
afterwards,  that  traversed  by  the  smaller  divisional  planes.  There  being, 
as  already  described,  three  sets  of  joints — the  bed  joints  and  two  sets  of 
vertical  joints  nearly  at  right  angles  to  one  another — the  ore  is  split  up 
into  cubes  and  parallelopipedons  of  various  sizes,  so  that  oxygenated 
water  acting  along  these  joints  would,  in  the  course  of  time,  produce  the 
irreguhir  cuboidal  and  spheroidal  structure  described  in  the  earlier  part  of 
the  paper. 

The  alternation  of  the  yellow  and  brown  ore  seems  to  be  due  to  the 
intermittent  character  of  the  alteration,  the  brown  bands  denoting  the 
hmits  of  the  various  stages  in  the  change.  This  supposition  is  sup- 
ported by  the  fact  that  one  of  these  brown  bands  is  always  found 
surrounding  the  green  and  grey  cores — the  only  part  of  the  original  bed 
that  now  remains.  From  the  manner  in  which  the  proportion  of  brown 
ore  to  yellow  decreases  as  the  distance  from  the  outcrop  increases,  it  is 
not  improbable  that  the  first  formed  peroxide  may,  by  the  alternate 
action  of  organic  matter  and  oxygenated  water,  have  undergone  repeated 
partial  dissolutions  and  precipitations  by  which  the  relative  quantity  of 
brown  ore  has  been  increased.  The  yellow  ore  being  much  more  porous 
than  the  brown  ore,  and,  therefore,  much  more  easily  traversed  by  circu- 
lating waters,  it  is  natural  to  suppose  that  any  subsequent  action  on  the 
peroxide  after  its  first  formation  would  be  in  this  yellow  ore,  and  that,  as 
in  the  case  of  its  first  precipitation,  a  brown  border  was  produced,  so  it 
is  probable  that  at  each  succeeding  precipitation  this  border  would  be 
increased,  until  ultimately,  the  yellow  ore  would  disappear  entirely,  hav- 
ing all  been  converted  into  brown  ore. 

The  magnetic  character  of  the  deposit  at  Rosedale  West  seems  to  be 
due  to  the  partial  peroxidation  of  the  carbonate  in  the  oolitic  grains. 
The  "  seam  of  the  district "  overlying  the  magnetic  deposit  appears  also 
to  have  been  similarly  altered,  but  to  a  less  extent. 

Behind  these  questions  there  is  a  further  one  which  naturally 
suggests  itself,  and  that  is,  how  did  the  carbonate  originate  ?  Most  of 
the  writers,  if  not  all,  who  have  entered  upon  this  part  of  the  subject, 
are  agreed  that  the  oi-es  were  not  ujrmed  contemporaneously  with  the 
rocks  in  which  they  occur,  but  afterwards.      There  is,  howevei-,  less 
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a2:i'ecmcnt  amono-  them  as  to  the  manner  in  which  the  ores  were  de- 
posited.  A  few  quotations  will  make  this  clear.  ]\Ir.  Sorhy,*  writing 
in  IS")!),  on  the  Cleveland  Main  Seam,  said,  "An  examination  of  the 
composition  of  the  shells  of  the  seam  shows  that  whilst  some  of  them 
still  retain  their  original  composition,  almost  entirely  carbonate  of  lime, 
others  have  changed  into  carbonate  of  iron." 

"  The  microscopical  investigation  of  a  thin  transparent  section  of  the 
stone  shows  far  more  clearly  that  the  minute  fragments  of  shell  have 
been  similarly  altered — the  replacing  carbonate  of  iron  extending  as 
yellowish  obtuse  rhombic  crystals  from  the  outside  to  a  variable  distance 
inwards,  often  leaving  the  centre  in  its  original  condition  as  clear  colour- 
less carbonate  of  lime,  though  in  many  iustances  the  whole  is  changed. 
The  oolitic  grains,  likewise,  have  such  peculiarity  as  indicate  that  they 
were  altered  after  deposition." 

"  The  peculiarities  in  microscopical  structure,  already  described,  prove 
that  the  same  change  has  occurred  in  the  case  of  a  large  proportion  of 
the  constituents  of  the  Cleveland  stone." 

"Independent,  then,  of  the  silica  and  alumina  resulting  from  the 
clay  so  commonly  found  in  limestone,  and  the  phosphate  of  iron,  the 
general  composition  of  the  ironstone  is  very  similar  to  that  of  the  altered 
shell,  so  that  as  far  as  the  chemical  composition  is  concerned  the  same 
circumstances  that  must  have  altered  the  shell  may  have  changed  an 
ordinary  lime  jnto  such  a  rock  in  the  manner  indicated  by  the  micro- 
scopical structure  to  have  really  been  the  case." 

Mr.  S.  Sharpe,f  speaking  of  the  Northamptonshire  ore  in  1870, 
says  :  "  The  numerous  living  organisms  of  which  these  fossils  (many  of 
them  as  it  were  cast  in  iron)  are  enduring  monuments,  could  not  possibly 
have  existed  in  waters  charged  with  iron  to  the  degree  apparently  indi- 
cated by  the  present  condition  of  the  rock.  The  iron  must  have  been 
introduced  after  the  deposition  ai  the  sedimentary  material,  by  infiltra- 
tion doubtless,  but  whence  derived  is  a  problem  yet,  I  think,  to  be 
solved." 

Mr.  J.  "\V.  Judd,$  writing  on  "  The  mode  of  formation  of  the  North- 
amptonshire iron  ore,"  says,  "  The  abundance  of  Molluscan  remains  in 
some  of  the  beds  of  ironstone,  indicating,  as  we  have  seen,  that  the 
animals  lived  and  died  upon  the  spot,  precludes  the  idea  that  the  medium 
in  which  the  beds  were  deposited  could  have  been  a  strong  solution  of 
iron." 

*  Pri)c.  Go.  and  Pcily.  8oc.,  \V(  st  Riding  Yorkshire,  18oG-7. 
t  Quart.  Journal  Geo.  Soc..  Vol.  XXVI.,  p.  1.3. 
X  Geology  of  Rutlaud  (Ssurvey  Meuioir). 
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"  The  fact  that  many  of  the  shells  in  the  unweathered  rock  are  more 
or  less  completely  converted  into  carbonate  of  iron  is,  as  Mr.  Sorby  has 
shown  in  the  case  of  the  Cleveland  ore,  a  strong  proof  of  the  metamor- 
phic  character  of  the  rock." 

"It  would  be  easy  to  show,  were  it  necessary,  from  the  immense 
amount  of  denudation  which  has  taken  place  in  the  district,  that  the 
beds  of  iron  ore  now  exposed  to  our  observation  must  have  been  long- 
buried  at  great  depths  in  the  earth  ;  during  this  period,  one  of  almost 
inconceivable  duration,  water  containing  carbonate  of  iron  would  appear 
to  have  constantly  penetrated  the  porous  sandy  rock,  and  thus  gradually 
effected  its  metamorphosis  into  an  iron  ore.  The  action  of  this  water 
w^onld  be  two-fold.  In  the  first  place  it  would  deposit  around  the  grains 
of  sand  and  in  all  the  interstices  of  the  rock  the  dissolved  carbonate  of 
iron,  and  in  the  second  place,  acting  under  the  favourable  conditions  of 
great  pressure  and  high  temperature,  it  would  dissolve  a  portion  of  the 
silica  and  other  ingredients  of  the  rocks.  Of  the  matter  thus  dissolved 
one  portion  appears  to  have  been  re-deposited  in  new  combinations  and 
with  the  carbonate  of  iron,  to  have  formed  the  oolitic  concretions,  while 
the  remainder  was  probably  carried  away  in  solution." 

Mr.  W.  U.  lluddleston,*  in  reporting  an  excursion  of  the  Geologists' 
Association  to  Northamptonshire,  suggests  that  the  ore  there  has  been 
formed  by  the  replacement  of  limestone.  He  says,  "  It  must  be  borne  in 
mind  that  most,  if  not  all,  of  these  oolitic  ironstones  either  in  Yorkshire 
or  Northamptonshire  are  overlain  by  porous  sandy  beds,  which  frequently 
contain  considerable  traces  of  carbonaceous  matter.  This  probably  is 
but  a  vestige  of  what  once  existed  in  the  peaty  beds  accompanying 
"estuarine"  conditions.  Layer  after  layer  of  micaceous  sands,  rich  in 
iron,  have  been  permeated  by  organic  acids,  the  products  of  the  decom- 
position of  these  vegetable  masses,  which  attacking  the  mica  and  any 
such  basic  minerals  which  might  be  present,  removed  their  more  soluble 
constituents,  and  thus  by  perpetually  exhausting  the  sands  left  those 
bleached  and  partly  coherent  masses,  which  so  often  overlie  the  ironstone 
beds.  This  is  probably  one  source  of  the  iron,  as  the  solution  origin- 
ating in  the  manner  described  above,  and  the  ultimate  decomposition  of 
which  would  most  probably  result  in  the  formation  of  carbonates,  might 
possibly,  in  the  preseuce  of  an  excess  of  carbonic  acid,  decompose  and 
replace  any  lime  carbonates  they  might  meet  with  in  their  descent.  The 
presence  of  an  impervious  bed  of  clay  at  the  base  of  such  rocks  would 
materially  facilitate  the  operation  by  keeping  the  original  Oolite  in  a  sort 
of  bath  containing  a  solution  of  ihe  replacing  salt." 

*  Proc.  Geol.  Assoc,  No.  IV. 
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So  far  as  the  Northampton  ore  and  the  Cleveland  Main  Seam  are 
concerned,  which  appear  to  be  the  only  deposits  in  the  secondary  rocks 
that  have  been  considered  from  this  point  of  view,  there  is  a  concensus  of 
opinion  that  they  were  not  formed  contemporaneously  with  the  enclosing 
rocks,  but  subse(iuently.  With  that  opinion  the  writer  agrees  entirely, 
and  would  extend  it  to  all  the  other  deposits  of  the  Secondary  rocks 
referred  to  in  the  earlier  part  of  this  paper.  It  is  altogether  incredible 
that  the  marine  organisms,  whose  remains  occur  more  or  less  abundantly 
in  most  of  these  deposits,  could  have  lived  in  water  holding  in  solution 
such  a  quantity  of  iron  as  would  be  necessary  to  convert  their  shells  into 
a  carbonate  of  that  metal.  Besides,  as  will  be  shown  in  the  sequel,  it  is 
quite  unnecessary  to  assume  anything  so  much  opposed  to  experience. 
Reverting  to  the  preceding  quotations,  it  is  found  that  Mr.  Sharpe  does 
not  enter  into  particulars  as  to  the  manner  in  which  he  conceives  the 
Northamptonshire  deposits  to  have  originated.  Mr.  Judd,  however,  does. 
He  assumes  the  bed  to  have  consisted  originally  of  sand,  and  that  the 
carbonate  of  iron  was  deposited  partly  in  the  interstices  of  the  sand  and 
partly  in  place  of  some  of  it.  Mr.  Judd  considers  that,  under  certain 
conditions  of  heat  and  pressure,  some  of  the  sand  might  have  been 
dissolved.  The  improbability  of  such  a  mode  of  origin  is,  in  the  writer's 
estimation,  something  enormous.  He  cannot  conceive  of  sihca  being 
dissolved  by  any  carbonated  solution  of  iron  which  did  not  also  remove 
every  vestige  of  lime  in  the  inorganic  remains.  As  a  matter  of  fact, 
however,  many  of  the  shells  met  with  in  the  ore  are  in  their  normal  limy 
condition.  Mr.  Judd's  explanation  moreover  does  not  afford  any  clue  to 
the  oolitic  structure  of  the  ore,  nor  to  the  fact  of  its  containing  alumina, 
lime,  and  other  ordinary  rock-forming  minerals,  in  proportions  which  do 
not  vary  greatly  in  different  areas,  and  which  do  not  seem  to  be  influenced 
in  any  way  by  the  varying  nature  of  the  overlying  rocks  ;  for  instance, 
the  proportions  of  silica,  alumina,  lime,  and  magnesia  do  not  differ 
materially  in  the  ores  of  Northampton  and  Mid-Lincoln,  notwithstanding 
that  the  former  is  overlain  principally  by  sand,  whilst  the  latter  is  covered 
by  a  thick  mass  of  limestone.  In  North  Yorkshire  the  same  bed  is  over- 
lain by  an  enormous  thickness  of  sandstones  and  shales,  yet  the  propor- 
tions of  alumina,  etc.,  in  the  ore  are  almost  the  same  as  at  Northampton  ; 
and  the  statement  is  not  sensibly  affected  if  the  comparison  is  extended  to 
the  ores  of  the  Middle  Lias  which  are  everywhere  overlain  by  clay.  Mr. 
Judd's  explanation  is  therefore  insufficient. 

The  suggestions  of  Mr.  Sorby  and  Mr.  Huddleston  as  to  the  origin  of 
the  Cleveland  and  Northamptonshire  ore  respectively,  are  that  they  were 
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produced  by  the  replacement  of  an  ordinary  limestone.  Mr.  Huddleston 
also  considers  that  the  ironstone  of  the  Dogger  series  of  Yorkshire 
originated  in  this  way.*  Both  these  geologists  found  their  conclusions 
on  the  fact  that  the  ores  contain  shells  which  are  partly  or  wholly  con- 
verted into  carbonate  of  iron. 

This  explanation  commends  itself  to  the  writer,  and  he  would  extend 
it  to  each  of  the  deposits  mentioned  in  the  descriptive  part  of  the  paper. 
His  reasons  for  so  doing  are  as  follows  :  In  the  first  place  there  is  such  a 
great  similarity  in  the  character  of  the  different  deposits  that,  a  priori,  it 
is  extremely  probable  they  all  originated  in  the  same  way,  and  as  will  be 
hereafter  pointed  out,  at  least  one  peculiar  feature  is  common  to  them  all. 
Let  it  be  assumed  that  originally  the  ore  beds  consisted  of  an  ordinary 
oolitic  limestone,  the  composition  of  which  was  somewhat  similar  to  that 
of  some  of  the  lower  beds  of  the  Lincolnshire  limestone,  an  analysis  of 
one  of  which,  as  it  occurs  at  Lincoln,  is  given  below  : — 


Combined  water 

4-87 

Peroxide  of  iron 

8-46 

Oxides  of  alumina  and  magnesia 

2-04 

Lime        

42-18 

Magnesia 

-58 

Carbonic  acid      ...         ...         

30-96 

Phosphoric  acid 

-35 

Snlphnric  acid    ... 

trace 

Insohible  siliceous  matter 

...       10-56 

100-00 

As  this  limestone  was  almost  resting  on  the  ore  it  may,  to  a  small 
extent,  have  been  subjected  to  the  same  metamorphic  action  as  is  assumed 
in  the  case  of  the  latter,  so  that  to  arrive  at  its  original  composition  the 
peroxide  of  iron  and  part  of  the  combined  water  should  be  struck  out 
from  the  above  analysis.  There  would  then  be  a  stone  consisting 
mainly  of  carbonate  of  lime,  but  containing  also  about  10'56  per  cent  of 
silica,  2 '04  of  alumina,  and  'SS  of  magnesia,  with  a  small  quantity  of  phos- 
phoric acid  and  a  trace  of  sulphuric  acid.  The  percentage  of  silica  and 
alumina  in  this  stone,  it  will  be  seen  on  reference  to  the  analyses  previously 
given,  are  less  than  they  are  in  the  Mid-Lincolnshire  ore,  but  this  is  only 
what  might  be  expected  from  the  decreasing  proportion  of  these  materials 
in  the  ore  itself  from  the  bottom  upwards,  as  shown  below  : — 


Silica. 

Alumina 

Top  block  of  ore  bed 

1305 

3-08 

Bottom     „         „ 

16-73 

3-72 

Proc.  Geol.  Assoc,  No.  IV. 
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This  upward  decrease  of  siliceous  and  almninoiis  materials  and  corrcs- 
poudini;  increase  of  calcareous  matter  is  surely  to  be  expected  in  a  bed 
occupyiuf;  the  position  of  the  Mid-Lincoln  iron  o\v  which  forms  as  it 
were  a  transitional  stage  between  the  Upper  Tjias  clay  and  the  Lincoln- 
shire limestone. 

Now,  as  already  pointed  out,  all  the  ores  that  have  l)een  described  in 
the  earlier  part  of  the  paper  occuj)y  such  a  position,  with  reference  to 
masses  of  clay,  that  the  limestones  which  are  assumed  to  have  preceded 
the  ore.  would,  in  all  probability,  be  more  siliceous  and  aluminous  than 
the  stone,  of  which  the  analysis  is  given  above,  and  therefore,  so  far  as 
these  materials  were  concerned,  it  would  correspond  more  closely  with  the 
quantities  actually  existing  in  the  ores. 

The  replacement  of  carbonate  of  lime  by  carbonate  of  iron  is  expressed 
by  the  following  formula  : — 

Ca  CO3  +  Fe  C2  0,,  =  Fe  CO3  +  Ca  C,  O,. 

One  of  the  results  of  this  re-action  is  a  diminution  of  volume  equal  to 
about  18  per  cent.,  that  is  to  say,  the  precipitated  carbonate  of  iron 
occupies  only  82  per  cent,  of  the  volume  of  the  limestone  which  it 
replaces.  It  is  possible,  however,  that  the  carbonate  of  iron  may  occupy 
as  much  space  as  the  limestone  which  it  replaced,  Init  if  so,  it  must  be 
more  porous  by  18  per  cent.  In  the  case  of  an  ore  containing,  say,  QG 
per  cent,  of  carbonate  of  iron,  the  porosity  would  only  bu  increased  12  per 
cent.  Thus  an  explanation  is  obtained  of  the  increased  porosity  of  the 
bluish  and  greenish  carbonate  of  iron  occurring  in  the  ore  beds  as  compared 
with  ordinary  oolitic  limestone.  Tliis  increase  is  partly  shown  in  the 
following  examples  which,  in  No.  1,  give  the  relative  porosities  of  a  piece 
of  limestone  overlying  the  Mid-Lincoln  ore  and  of  one  of  the  greenish 
nodules  in  the  ore  bed.  No.  2  is  of  a  piece  of  limestone  underlying  the 
ore  at  Hoi  well  and  of  one  of  the  green  cores  in  the  ore. 

rercentage  of  Vohuuc. 
Porosities.  No.  1.  No.  2. 

Limestone    ...  ...  ...         11 '5         ...  8"5 

Green  nodule  20-0         ...         17-0 

These  examples  do  not  show  so  great  a  difference  in  the  porosities  as 
was  stated  above,  but  that  is  easily  accounted  for  when  it  is  borne  in 
mind  that  limestones  like  other  bodies  vary  in  their  porosities,  and  that 
those  tested  were  not  from  the  same  horizon  as  the  ores  but  as  near 
thereto  as  they  could  be  obtained. 

The  increased  porosity  of  the  ores  in  their  carbonated  condition  is  a 
feature  of  all  the  deposits  except  that  at  Seend,  which,  so  far  as  the  writer 
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knows,  contains  iron  only  as  a  hydrated  peroxide.  It  is,  however, 
extremely  probable  that  the  ore  in  that  deposit  existed  originally  as  a 
carbonate.  The  sand  and  pebbles  associated  with  the  ore,  and  which  give 
the  deposit  an  entirely  different  character  from  any  of  the  others,  demand 
special  notice.  It  is  quite  impossible  that  tins  bed  could  have  existed 
originally  as  an  ordinary  limestone,  nor  is  such  a  supposition  necessary, 
but,  just  as  a  considerable  quantity  of  lime  is  found  cementing  together 
the  siliceous  grains  of  the  sandstone  blocks  which  occur  amid  the  coarse 
sands  underlying  the  ore  at  Claxby,  so  it  is  quite  possible  that  at  Seend, 
originally,  the  sand  and  pebbles  had  a  limy  matrix.  A  solution  of 
carbonate  of  iron  coming  into  contact  with  this  lime  would  remove  it 
and  leave  carbonate  of  iron  in  its  place,  which,  by  the  subsequent  action 
of  oxygenated  water,  would  be  converted  into  hydrated  peroxide  as  is 
now  seen. 

Reverting  to  the  consideration  of  the  other  deposits  it  will  be  seen 
that  by  the  action  of  a  carbonated  solution  of  iron  on  an  Oolitic  lime- 
stone containing  certain  proportions  of  sihca,  alumina,  and  magnesia  an 
explanation  is  obtained  of  the  following  facts  : — 

1. — The  partial  and  in  some  cases  the  total  conversion  of  the  shells 
into  carbonate  of  iron.  This  is  a  natural  result  of  the  process  of  replace- 
ment, some  shells  being  more  difficult  to  act  upon  than  others,  whilst 
they  all  offer  more  resistance  to  an  acid  solution  than  ordinary  limestone. 

2. — The  occurrence  of  thin  beds  of  limestone  in  the  ore  at  Frodingham, 
and  of  irregular  pieces  of  the  same  stone  in  the  deposits  at  Caythorpe 
and  Holwell,  all  of  which  graduate  into  the  ore,  point  out  clearly  that 
these  beds  of  ore  were  formed  by  the  replacement  of  limestone.  The  oc- 
currence of  limestone  also  at  the  bottom  of  each  of  these  deposits  and  its 
irregular  junction  with  the  ore  is  further  evidence  in  the  same  direction, 
as  is  also  the  variable  quantity  of  lime  existing  in  the  ferruginous  parts 
of  many  of  the  deposits.  Take  for  example  the  ore  at  Wellingborough, 
which  in  four  cases  gave  the  following  relative  quantities  of  lime  and 
iron  : — 

Metallic  Iron.  Lime. 

Per  cent.  Per  cent. 

No.  1  ...  ...  53-20  ...  ...  -41 

„    2  ...  ...  3700  ...  ...  713 

„    3  ...  ...  35-37  ...  ...  11-76 

„    4  ...  ...  24-09  ...  ...  2o-(iS 

The  inverse  proportion  of  the  lime  to  the  metallic  iron  which  is  seen 
in  these  particulars  is  frequently  found  in  the  Northampton  Ore  and  in 
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other  deposits  as  well.     Below  is  an  illnstration  of  it  from  Ilutton  Old 
Mine  in  the  Cleveland  ^Fain  Seam  : — 

Metallic  Iron.  Lime. 

Tor  cent.  Per  cent. 

No.  1  ...  ...  31.75  ...  ...  3-80 

„    2  ...  ...  28-81  ...  ...  4-20 

„    3  ...  ...  27-45  ...  ...  730 

In  making;  a  comparison  of  this  kind  the  ores  must  he  taken  within  a 
small  area,  otherwise  the  results  are  liable  to  modification  from  the  \-aria- 
tion  of  the  silica  or  alumina  ;  for,  althouijh  as  a  rule  tlie-;e  minerals  are 
more  constant  than  the  lime,  yet  they  vary  considerably  at  times,  as  will 
be  seen  on  reference  to  the  analyses  given  in  the  earlier  part  of  the  paper, 
so  that  it  is  quite  possible,  if  the  ores  compared  are  from  a  large  area,  to 
have  a  small  metallic  yield  with  a  small  pei-centage  of  lime,  simply  be- 
cause the  silica  or  alumina,  or  both,  may  be  unusually  high. 

3. — Another  fact  strongly  suggestive  of  replacement  is  that  the  beds 
in  the  different  ferruginous  horizons  frequently  assume  the  character  of 
ordinary  limestones.  In  illustration  of  this  remark  reference  may  be 
made  to  the  fact  that  the  Marlstone  rock-bed,  which  is  a  workable  ore  of 
iron  in  part  of  Leicestershire  and  O.xfordshire,  occurs  throughout  most  of 
the  intervening  area  and  in  the  south-west  of  Oxfordshire  as  a  limestone. 

4. — The  Oolitic  character  of  the  ironstones,  as  well  as  the  presence  in 
them  of  variable  proportions  of  silica  and  alumina,  etc.,  are  a  direct 
result  of  the  replacement  of  an  oolitic  limestone  containing  varying 
quantities  of  clay. 

5. — The  higher  metallic  yield  of  the  magnetic  ore  of  Rosedale  means 
simply  that  the  preceding  limestone  was  purer. 

One  further  question  remains,  and  that  is  the  source  of  the  iron.  Mr. 
Huddleston  has  suggested  in  the  case  of  the  Northampton  ore,  that  it 
came  from  the  overlying  sands ;  he  also  suggests  that  the  ore  of  the 
Dogger  series  of  Yorkshire  originated  from  a  solution  of  iron  formed  in 
the  sandstones  and  shales  of  the  Lower  Estuarine  series  which  overlie 
the  ore  bed.  The  difficulty  of  accepting  these  suggestions  is  that  the  ore 
of  Mid-Lincolnshire,  which  is  on  the  same  horizon  as  those  of  North- 
ampton and  Yorkshire,  and  is  similar  to  them  in  all  other  respects,  yet 
differs  from  them  in  this,  that  it  is  overlain  by  limestone. 

The  close  connection  of  all  these  deposits  with  large  masses  of  clay 
has  suggested  to  the  writer  that  the  source  of  the  iron  was  in  these  clays. 
The  Jurassic  rocks  rests  almost  throughout  their  entire  course,  from 
North  Yorkshire  to  South  Dorsetshire,  on  the  red  irony  strata  of  the 
Permian  and  Trias,  and  there  is  little  doubt  that  the  denudation  of  the 
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latter  rocks  contributed  largely  to  the  formation  of  the  former.  On  this 
point  the  writer  would  call  attention  to  the  large  amount  of  magnesia  in 
both  the  Liassie  and  Oolitic  ores  of  Cleveland,  which  is  difficult  to  ac- 
count for,  unless  it  be  supposed  that  the  limestones  which  preceded  these 
ores  were  mixed  with  materials  derived  from  the  large  area  of  Magnesian 
limestone  to  the  north-west.  However  that  may  be,  it  is  almost  certain 
that  the  clayey  and  sandy  beds  of  the  Lias  and  Oolite  were  derived  in  a 
great  measure  from  the  red  rocks  to  the  north-west.  Hence  the  large 
quantity  of  iron  in  them.  Below^  are  given  analyses  of  the  Upper  and 
Lower  Lias  clays,  as  well  as  of  the  Kimmeridge  Clay,  from  which  it  will 
be  seen  that  they  all  contain  a  large  quantity  of  iron. 


Lower  Lias  Clay, 

Upper  Lias  Shale. 

Kimmeridge  Clay, 

overlying 

overlying 

overlying 

Cleveland  Oi-e. 

Froilingham  Ore. 

Westbnry  Ore. 

Silica 

51-70 

48-83 

.11-24 

Protoxide  of  iron 

9-(!8 

614 

4-32 

Peroxide  of  iron 

... 

— 

2-88 

Alumina... 

18-52 

20-41 

18-76 

Lime 

1-76 

4-18 

4-56 

Magnesia 

1-90 

2-01 

1-56 

Potash     

... 

•17 

2-48 

-86 

Soda         

■16 

•86 

•74 

Carbonic  acid     . . . 

3-16 

2-84 

1-99 

Sulphur    .- 

1-96 

•78 

1-68 

Water  and  organic 

matter 

10-79 
99-80 

11-47 

11-40 

100-00 

9999 

A  solution  of  carbonic  iieid  would  dissolve  the  protoxide  of  iron  in 
the  clays,  and  thi.s  solution,  in  its  circulatory  movements  through  the 
rocks,  would  be  precipitated  by  the  limestones,  which,  it  is  supposed, 
occurred  at  the  top  and  bottom  of  the  clays,  or,  as  in  the  case  of  Frod- 
inghain,  amid  the  clay.  Tlio  alternation  of  the  deposits  previously 
pointed  out,  if  it  should  be  real,  may  have  resulted  from  the  different 
directions  taken  by  the  underground  currents. 

Although  the  writer  l)elieves  that  the  direct  source  of  the  iron  was 
the  clay  contiguous  to  the  deposits,  yet  he  is  of  opinion  that  its  original 
source  was  volcanic,  thab  it  came  to  the  surface  at  the  time  the  haematite 
deposits  of  Cumberland  and  Lanca.shire  were  formed,  and  that,  in  the 
first  instance,  it  was  deposited  along  with  the  sands  and  shales  of  the 
Permian  and  Trias.  By  denudation,  these  latter  rocks  were  subsequently 
in  part  removed,  and  re-deposited  in    the  sedimentary  strata   of   the 


THK  IRON  OUKS  OF  THE  KNGLISU  SKCONDARY  ROCKS.  157 

Secondaries.  As  has  jusL  hem  seen,  these  sediments  contain  abundance 
of  iron,  but  it  is  scattered  through  such  an  enormous  mass  of  earthy 
material  as  to  be  utterly  valueless  for  metallurgical  purposes.  By  subse- 
quent chemical  action,  however,  tiiis  iron,  or  some  of  it,  would  assume  a 
mobile  condition,  and  circulate  with  the  underground  waters,  from  which 
it  would  be  precipitated  in  a  concentrated  form  by  the  limestones  which, 
it  is  supposed,  preceded  the  ore  beds. 


Professor  Merivale  read  the  following  paper,  by  Messrs.  Liddell  and 
Merivale,  on  the  "Transmission  of  Power  by  Steam:"  — 
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TRANSMISSION  OF  POWER  BY  STEAM. 


Hv   Messks.  LIDDELL    and   .MEHIVALE. 


One  of  the  most  difficult  problems  that  the  mining  engineer  has  to  deal 
with  is  the  transmission  of  power  to  long  distances.  It  is  not  proposed, 
however,  to  discuss  here  the  various  methods  in  which  this  may  be 
efl'ected ;  but  to  describe,  shortly,  a  successful  attempt  lately  made  at 
Broomhill  Colliery  to  convey  power  by  means  of  steam  to  a  pumping 
engine,  situated  in-bye  1,294  yards  from  the  boiler  at  bank,  a  distance, 
so  far  as  the  authors  know,  greater  than  has  before  been  attempted,  at 
least  in  this  district.     (See  Fig.  1,  Plate  XXIII.) 

In  the  fii'st  place,  the  writers  were  guided  in  their  choice  of  steam 
by  the  special  circumstances  of  the  case,  namely,  that  there  was  surplus 
boiler  power  already  to  hand,  and  that  the  steam  had  been  carried 
342  yards  of  the  distance  previously.  The  crookedness  of  the  rolley- 
way  also  made  transmission  by  ropes,  which  is  being  adopted  for  pumping 
upon  a  large  scale  in  other  parts  of  the  mine,  inadmissible. 

There  are  upon  the  surface  two  cylindrical  boilers,  one  20  feet  6  inches 
long  by  5  feet  diameter,  the  other  29  feet  by  5  feet  diameter.  They  are 
used  alternately,  one  boiler  only  being  on  at  a  time  ;  but  the  little  boiler 
is  found  to  be  rather  small  for  the  work  required.  The  consumption  is 
38  tons  of  small  coal  per  pay. 

The  steam  is  taken,  at  35  to  38  lbs.  pressure,  through  5-inch  cast  iron 
pipes,  to  the  shaft  19  yards,  and  down  the  shaft  27  fathoms.  Here  is 
placed  one  of  Tangye's  5-inch  steam  traps  and  separators  (Fig.  2),  which, 
when  the  engines  are  running,  delivers  about  9  gallons  of  water  per  hour. 

The  construction  and  action  of  this  separator  may  be  thus  described  : 
a,  the  top  portion,  is  ]3laced  in  the  range  of  steam  pipes  by  the  flanges 
I  and  m;  ii  are  two  splash  plates,  which  deflect  the  water  carried  along 
with  the  steam  on  to  the  perforated  plate  h,  through  which  it  drops  into 
the  lower  portion  of  the  separator  c ;  ^  is  a  small  floating  cistern  guided 
in  its  up  and  down  motion  by  the  projections  g,  and  having  a  small  valve 
/  fixed  to  its  bottom,  which  opens  and  closes  the  pipe  e,  through  which 
the  condensed  water  passes  away  at  // ;  ^  is  a  self-acting  valve  for  allow- 
ing the  air  to  escape.     "When  the  steam  is  first  admitted,  h  falls  by  its 
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own  weighb,  and  is  shot  by  the  steam  as  soon  as  pressure  is  obtained. 
When  it  is  first  set  to  work  water  is  put  into  the  bottom  part  to  float  the 
cistern  d,  which  shuts  the  valve  f;  when  suificient  water  has  dropped 
through  the  sieve  h  to  cause  the  cistern  d  to  fall,  the  valve/  opens,  and 
the  condensed  water  is  forced  out  through  e ;  the  cistern  then  rises  and 
again  closes  the  valve/. 

The  greater  part  of  this  water  will,  perhaps,  be  due  to  priming  or 
syphoning  of  the  water  out  of  the  boiler,  a  phenomenon  which,  in  spite 
of  tlie  baffle  plates  with  which  the  boilers  are  fitted,  appears  always 
to  accompany  the  use  of  steam  a  long  distance  below  the  level  of  the 
generator,  more  especially  when  commencing  work  and  when  the  boiler 
is  driven  hard.  These  pipes  are  covered  with  Worraald's  composition, 
and  the  portion  in  the  shaft  is  coated  in  addition  with  felt  and  lead. 
There  are  two  expansion  joints ;  one  placed  horizontally  between  the 
boilers  and  the  shaft,  the  other  vertically  at  the  top  of  the  shaft. 

The  5-inch  steam  pipes  are  then  taken  a  further  distance  of  269 
yards,  with  a  vertical  fall  of  44  feet,  to  a  receiver  6  feet  long  by  3  feet 
diameter.  The  pipes  and  receiver  are  covered  with  Wormald's  composi- 
tion, and  there  is  one  expansion  joint  inserted  in  this  range.  Near  this 
receiver  is  placed  a  combined  hauling  and  pumping  engine,  erected  two 
years  ago.  It  is  a  single  cylinder  horizontal  engine.  12  inches  diameter 
by  2  feet  stroke,  and  makes  30  revolutions  per  minute,  with  a  steam 
pressure  of  32  lbs.  (?>.,  6  lbs.  less  than  the  pressure  in  the  boiler  at  bank, 
which  is  342  yards  off).  It  runs  during  the  day  for  11  hours  out  of  the 
24,  and  is  laid  off  when  the  pit  is  idle.  It  hauls  120  tons  of  coal  per 
day,  up  a  bank  101  yards  long,  rising  3-12  inches  per  yard  ;  and  70  tons 
of  coal  per  day  up  another  bank,  situated  about  half  a  mile  further 
in-bye,  309  yards  long,  rising  3-35  inches  per  yard.  It  also  deals  with  a 
constant  feeder  of  13  gallons  per  minute,  which  it  forces  219  yards  and 
34  feet  vertically,  through  4-inch  pipes,  by  means  of  a  double-acting 
pump,  6  inches  diameter  by  1  foot  6  inches  stroke. 

The  receiver  is  fitted  with  one  of  Tangye's  4-inch  steam  traps  and 
separators,  from  which  about  17  gallons  of  condensed  water  are  delivered 
per  hour. 

From  the  receiver,  a  range  of  2^-inch  wrought  iron  pipes  is  carried 
a  further  distance  of  952  yards,  with  a  vertical  fall  of  101  feet,  to  the 
in-bye  pumping  engine.  Upon  this  range  there  are  two  of  Tangye's  4-inch 
steam  traps,  without  separators  (one  211  yards  from  the  receiver,  deliver- 
ing about  10  gallons  of  condensed  water  per  hour,  the  other  placed  near 
the  in-bye  engine,  delivering  about  31   gallons  per  hour  ;  this  gives  a 
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total  of  about  G7  gallons  per  hour  for  the  total  range  of  1,291:  yards  ;  in 
addition,  there  will  be  some  condensation  in  the  cylinders)  ;  and  three 
expansion  joints  only,  the  crookedness  of  the  road  making  more  than 
this  unnecessary.  The  steam  pipes,  traps,  and  engine  are  covered  with 
Wormald's  composition. 

The  engine  is  a  single  cylinder  horizontal  engine,  8  inches  diameter 
by  1  foot  stroke,  geared  8  to  2  to  a  "Warner's  three-throw  single-acting 
ram  horse  pump  ;  each  ram  is  4  inches  diameter  by  1  foot  stroke. 

The  pressure  of  the  steam  is  25  lbs.  {i.e.,  13  lbs.  below  that  in  the 
boiler  at  bank,  distant  1,294  yards  as  measured  along  the  steam  pipes, 
814'42  feet  vertical  distance).  Vacuum — obtained  by  turning  the 
exhaust  into  the  suction  pipe — varies  with  the  vertical  distance  of  the 
standage,  viz.: — 18*4  feet  gives  13  to  14  inches  vacuum  ;  10'30  feet 
gives  7  inches.  The  vertical  distances  are  measured  from  the  level  of 
the  water  to  the  vacuum  gauge. 

The  engine  works  for  6^  hours  out  of  the  24,  and  12  days  per  pay, 
at  55  revolutions  per  minute  ;  and  deals  with  a  constant  feeder  of  13 
gallons  per  minute,  which  is  drawn  37  yards  up  14  feet  vertically,  and 
then  forced  380  yards  up  114  feet  vertically.  Forster's  4-inch  pipes  are 
used,  both  for  the  suction  and  rising  main. 

It  was  first  started  in  October,  1885,  before  the  2^-iuch  steam  pipes 
were  covered,  and  before  the  5 -inch  steam  pipes  were  covered  in  the 
shaft — i.e.,  with  1,240  yards  of  naked  pipe  out  of  the  total  of  1,294 
yards.  In  these  circumstances,  the  loss  of  pressure  was  from  27  to  30 
lbs.,  as  compared,  with  12  to  13  lbs.  the  present  loss  ;  but  no  measure- 
ment was  made  of  the  quantity  of  condensed  water. 

The  installation  was  completed  early  in  December,  1885,  since  which 
date  it  has  been  working  regularly  and  satisfactorily. 

Tangye's  combined  steam  trap  and  separator,  Forster's  patent  socket 
pipe,  the  expansion  joint  used  upon  the  range  of  steam  pipes,  and  the 
arrangement  of  pipes  for  turning  the  exhaust  steam  into  the  suction  pipe, 
are  given  in  Plate  XXIII.,  Figs.  2,  3,  4,  and  5.  A  plan  of  the  drift, 
showing  the  pipe^,  levels,  and  position  of  engines,  is  given  on  the 
same  Plate. 

Since  writing  the  above,  the  water  has  increased,  and  the  feeder  is 
now  16  gallons  per  minute.  In  addition,  an  accumulation  of  water  in 
some  old  workings  has  been  pumped  out.  The  face  of  the  workings  is 
advancing,  and  preparations  are  being  made  to  take  the  steam  in  a 
further  distance  of  100  yards. 
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The  President  said  tlie  paper  would  be  open  for  discussion  at  a 
future  meeting,  but  any  gentleman  who  wished  to  speak  upon  it  now 
could  do  so. 

Mr.  Lawrence  said  the  only  thing  which  struck  him  as  being  novel, 
and  whereby  a  great  saving  had  been  effected,  was  the  fact  of  the  pipes 
being  covered  with  felt  and  lead.  He  would  be  very  glad  if  Mr 
Merivale  would  give  a  more  detailed  description  of  how  the  covering  was 
done  :  what  thickness  of  lead  put  on,  and  any  other  particulars  as  to 
the  covering  of  the  pipes.  Of  course,  it  would  be  out  of  place  for  him 
to  enter  into  any  argument  as  to  the  logic  of  taldng  steam  so  far  into  a 
mine.  The  mining  engineer,  as  a  rule,  would  not  let  him  do  it.  He 
would  like  to  know  I'rom  Mr.  Merivale  how  he  takes  away  the  exhaust 
steam  from  the  12-inch  engine?  He  could  readily  understand  what  Mr 
Merivale  said  about  the  in-bye  pump,  but  he  did  not  tell  them  what  he 
did  with  the  steam  from  the  12-iuch  pipe  a  long  way  in-bye.  His  (Mr 
Lawrence's)  experience  of  turning  the  steam  into  the  "return"  was  that 
it  brought  down  a  large  quantity  of  stone,  and  people  would  not  let  him 
do  it.  No  doubt  the  crooked  ways  at  Broomhill  Colliery  would  prevent 
Professor  Merivale  economically  working  there  with  rope;  although  it 
seemed  to  his  (Mr.  Lawrence's)  mind  that  a  rope  could  be  taken  a  long 
way  in.  This  seemed  to  him  a  long  distance  to  carry  steam  for  so  little 
work.  He  would  also  like  to  know  whether  the  12-inch  hauling  engine 
had  a  tail  or  endless  ropc;  and  whether,  if  the  rope  went  anywhere  near 
the  place  in-bye  for  haulage,  the  pumping  could  not  have  been  done  by 
the  rope,  instead  of  carrying  steam  in  that  distance  H  He  was  rather 
surprised  to  find  Forster's  pipes  efficient  for  the  long  suction,  seeing  there 
was  a  vertical  height  of,  he  thought,  14  feet.  Could  there  not  have  been 
a  less  steam  pipe  than  5  inches  carried  such  a  long  distance  ?  They  all 
knew  that  the  larger  the  pipe  the  larger  the  condensation  which  took 
place.  With  regard  to  the  loss  of  water  being  caused  by  priming,  he 
thought  if  they  took  into  consideration  the  surface,  and  the  distance  the 
steam  was  carried,  it  would  be  found  that  the  condensation  would  give 
that  quantity  of  water  without  any  priming. 

Professor  Herschel  said  that  in  the  paper  the  diminution  of 
pressure  at  the  end  of  the  steam  pipe  was  observed,  he  thought,  while 
the  engines  were  running.  He  would  like  to  know  whether  there  was 
any  sign  of  loss  of  pressure  when  the  engines  were  not  working  at  that 
long  distance  from  the  boiler  ? 

Professor  Merivale  said  that  with  regard  to  Mr  Lawrence's  general 
statement,  that  it  was  objectionable  to  carry  steam  in-bye  to  do  work 
which  could  be  more  cheaply  done  by  ropes. 
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Mr  Lawrence  remarked  that  he  did  not  say  "cheaply  ;"  he  left  out 
the  word  "  cheaply." 

Professor  I\rERiVALE  said,  assuming  Mr.  Lawrence  had  nsed  the 
word  "cheaply,"  he  would  agree  with  him.  He  thought  it  was 
objectionable  to  take  steam  in-bye  for  many  reasons.  But  this 
was  a  special  case :  there  was  already  steam  a  considerable  dis- 
tance in-bye — put  in  before  their  time ;  and,  having  the  surplus 
steam,  it  was  thought  it  would  be  cheaper  to  carry  the  steam  in  a 
still  greater  distance.  When  they  were  pum})ing  originally  with  horses, 
the  cost  was  6^d.  per  ton,  and  with  the  present  arrangement  it  was  a 
little  over  ^d.  a  ton.  They  were  well  satisfied  that  if  they  pumped  with 
ropes,  as  they  were  doing  on  a  very  large  scale  in  another  part  of  the 
mine,  they  would  do  it  more  cheaply  still ;  but,  considering  the  circum- 
stances, he  thought  they  were  wise  in  utilizing  the  steam.  As  to  the 
exhaust,  he  did  not  think  there  was  any  difficulty  in  killing  the  exhaust 
by  turning  it  into  the  suction  pipes,  so  long  as  there  was  sufficient  water. 
At  Netherton,  there  was  a  larger  pumping  engine — a  pair  of  cylinders  14 
inches  diameter,  and  the  exhaust  was  turned  direct  into  the  return  when 
he  went  there  originally,  with  the  result  which  Mr  Lawrence  had  stated, 
that  it  did  a  great  deal  of  damage.  The  exhaust  was  afterwards 
turned  into  the  suction  pipes,  and  no  difficulty  was  found. 
The  steam  from  the  12-inch  engine  was  turned  into  the  standage, 
which  does  not  get  unmanageably  hot.  As  to  covering  the  pipes  it  was 
only  in  the  shaft,  which  was  rather  wet,  that  felt  and  lead  were  used. 
The  felt  was  wrapped  round  the  pipes,  and  then  there  was  a  covering  of 
sheet  lead,  about  ^th  of  an  inch  in  thickness,  fastened  on  with  copper 
wire.  The  hauling  engine  was  a  single  main  rope  engine,  and  there  would 
have  had  to  be  a  second  rope  if  they  had  wanted  to  pump  with  it.  As  to 
Forster's  pipes,  in  another  district  they  were  used  as  sucking  pipes,  186 
yards  long,  7  inches  diameter,  with  a  vertical  height  of  21  feet.  At  that 
distance  the  pump  got  a  little  petted  at  first.  The  5-inch  pipe  was  too  big 
at  Broomhill,  but  it  was  already  there.  The  2^-inch  pipe  even  was  too 
large  ;  but  they  had  thought  it  best  to  err  on  the  safe  side,  as  it  was  an 
experiment  taking  steam  in  so  far.  As  to  Professor  Herschel's  question 
relative  to  the  pressure,  he  said  that  the  pressure  stated  in  the  paper  was 
observed  when  the  engines  were  running.  No  observations  had  been 
made  when  the  engines  were  standing,  although  it  would  be  useful  to  do  so. 

Mr.  Lawrence  asked  Professor  Herschel  whether  he  would  not 
expect  the  pressure  would  rise  to  very  nearly  boiler  pressure  when  the 
engines  were  standing? 

Professor  Herschel  supposed  there  would  be  a  little  loss. 
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Professor  Merivale  promised  to  make  the  observation.  Mr. 
Lawrence  had  said  that  the  larger  the  pipes  the  greater  the  condensation. 
He  (Professor  Merivale)  was  not  quite  sure  whether  that  would  really  be 
so  or  not.  There  would  be  a  greater  surface,  but  there  was  a  larger  body 
of  steam  inside.  He  would  ask  Professor  Herschel  whether,  with  larger 
pipes,  there  would  be  greater  condensation  ? 

Professor  Herschel  said  that  there  would  be  so;  and  also  an  increase 
of  friction  on  the  surface.  But  the  larger  area  of  section  would  diminish 
the  friction  in  a  greater  proportion  at  the  same  time. 

Mr.  G.  R.  Pearson  said  he  had  carried  steam  1,390  yards,  440  yards 
in  4-inch  and  990  yards  in  2-inch,  wrought  iron  pipes,  with  a  loss  of  5lbs. 
When  the  engine  was  pumping  at  its  ordinary  speed  the  pipes  were 
covered  with  a  non-conducting  cement. 

Mr.  Steavenson  said  that  this  was  one  of  those  excellent  papers 
which  he  often  encouraged  young  men  to  write.  He  would  like,  if 
possible,  to  have  the  inquiry  carried  further,  and  compare  the  work  done 
with  the  coal  used.  Whether  the  use  of  steam  underground  was  desir- 
able, or  what  other  power  was  they  could  not  decide  at  present.  The 
question  must  in  a  great  measure  be  ruled  by  the  various  circumstances 
of  each  case.  They  had  not  merely  the  "three  courses"  open  to  them, 
they  had  twice  that  number — steam,  water  under  high  pressure,  ropes, 
compressed  air,  gas,  and  electricity,  and  whether  there  were  any  more,  he 
would  not  stop  to  inquire  at  present.  He  must  say  that,  after  his 
experience,  he  had  a  very  strong  prejudice  against  the  use  of  steam 
underground,  not  on  account  of  the  loss  of  condensation,  but  because  of 
the  injury  it  did  to  the  roads  and  timbering ;  it  brought  everything  about 
their  ears.  He  endeavoured,  if  possible,  to  have  the  engine  on  the 
surface,  and  carry  ropes  down.  The  very  first  book  he  took  ofi"  the 
shelves  this  morning,  the  Revue  Universelle,  for  1884,  contained  com- 
parisons between  the  motive  powers  he  had  enumerated,  and  many  more. 
Of  electricity  he  had  had  no  experience.  He  had  no  doubt  that  under 
some  circumstances  electricity  might  be  very  good,  but  it  incurred  a 
certain  amount  of  danger  ;  there  was  the  chance  of  sparks  underground, 
or  a  man  touching  a  wire  not  sufficiently  protected,  and  being  killed. 
There  was  more  chance  of  the  machinery  going  wrong  than  there  was  with 
compressed  air,  water,  or  ropes.  He  was  inclined  to  think  that,  under  all 
circumstances,  the  two  latter  were  the  best.  It  would  not  be  a  bad  idea 
for  the  Council  to  appoint  a  committee  of  the  Institute  to  examine  a  few 
eases,  and  ascertain  for  themselves  what  would  be  the  best  to  do  under 
general  circumstances,  and  then  let  every  one  please  himself  as  to  the 
plan  he  adopted. 
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Professor  Merivale  said  he  had  made  tlie  calculation  wliicli  Mr. 
Stcavenson  liad  suo;gested,  and  he  would  ratiier  not  mention  the  result. 
He  had  given  in  the  paper  such  information  as  would  enable  any  gentle- 
man interested  to  make  the  calculation  for  himself.  If  they  looked  at 
the  matter  from  a  purely  theoretical  view,  taking  steam  iu-bye  was  very 
extravagant.  But  it  was  the  special  circumstances  at  Broomhill  which 
induced  them  to  adopt  it  there.  If  he  were  starting  from  the  surface  he 
would  not  dream  of  taking  steam  in-bye  for  a  distance  of  700  or  800  yards. 

Professor  Herschel  asked  whether  the  consumption  of  coal  at  the 
boilers  was  entirely  to  raise  steam  for  the  two  engines  ? 

Professor  Merivale  :  Yes ;  38  tons  of  rough  small  coal  per  pay. 

Mr.  Steavenson  :  In  the  Revue  Universelle  the  cost  per  horse- 
power per  day  for  given  distances,  is  reduced  to  a  very  small  fraction  of 
a  franc. 

The  President  said  they  were  very  much  obliged  to  Mr.  Liddell  and 
Professor  Merivale  for  the  paper  which  they  had  contributed;  and  the 
interest  it  had  created  must  be  gratifying  to  the  writers.  Probably,  at 
the  next  meeting,  further  remarks  would  be  made  by  other  gentlemen. 
There  was  no  doubt  that  steam  was  a  very  handy  power  to  use,  especially, 
as  often  was  the  case,  and  as  in  this  instance,  when  it  happened  to  be  ready 
to  hand.  They  were  very  much  inclined  only  to  lengthen  their  pipes  and 
use  steam  as  in  this  case.  Re  knew  several  instances  where  steam 
was  taken  great  distances,  and  there  was  found  no  great  difficulty  or 
disadvantage,  and  there  was  not  much  extra  cost  for  the  supply,  as 
the  first  cost  of  supplying  steam  was  not  great.  Probably,  the  use 
of  compressed  air  was  one  of  the  most  effective  and  economical  means, 
and  gave  the  least  trouble  ;  but  it  required  a  considerable  outlay  of 
capital  in  the  first  instance.  If  there  was  already  a  lioiler  on  the  sur- 
face, and  pipes  down  the  pit,  it  cost  very  little  money  to  take  steam  in- 
bje  for  pumping,  if  they  could  get  quit  of  the  steam.  There  were  in 
the  paper  many  facts  of  interest,  and  the  suggestion  made  by  Mr. 
Steavenson  that  it  should  form  the  nucleus  for  further  consideration  was 
an  excellent  one;  and  probably  Mr.  Steavenson  might  bring  before  the 
Council  the  question  of  forming  a  committee  to  consider  the  best  means 
of  transmitting  power  underground,  which  might  lead  to  some  useful 
result.  When  Professor  Merivale  mentioned  that  the  distance  in-bye  was 
greater  than  had  hitherto  been  tried,  he  (the  President)  was  not  quite 
sure  that  he  was  right.  About  1,000  yards  was  a  common  distance  to 
take  steam  in,  and  one  gentleman  who  had  spoken,  had  taken  steam 
further  than  Professor  Merivale  mentioned.  As  to  the  question  of  exhaust- 
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inginto  the  standage,  it  would  be  of  interest  to  know  how  long  the  engine 
was  working,  and  whether  the  standage  did  not  get  very  heated.  There 
was  a  certain  loss  from  blowing  steam  through  the  water,  if  the  exhaust 
pipe  were  put  any  depth  down.  He  moved  a  vote  of  thanks  to  the  writers 
of  the  paper. 

The  vote  of  thanks  was  agreed  to. 


Mr.  M.  Walton  Brown  read  the  following  translation  of  the  "  Prussian 
Regulations  for  the  Management  of  Fiery  Mines": — 
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REGULATIONS   FOR  THE  :MANAaEMENT  OP  FIERY  MINES 

IN    PRUSSIA. 


Teansiated  by  M.  \VALT0N  BROWN. 


I.— GENERAL  REGULATIONS. 

1. — Mines  are  considered  as  fiery  in  which  fire-damp  has  been  found 
during-  the  last  two  years. 

Where  several  independent  divisions  of  the  workings  exist,  so  far  as 
regards  the  winding  and  ventilation,  each  of  these  divisions  should  be 
regarded  as  separate  mines. 

2. — In  all  fiery  mines  there  must  be  at  least  two  entrances,  separated 
by  intermediate  rock  of  sufficient  strength.  These  openings  shall  be  used, 
one  for  the  entry  and  the  other  for  the  exit  of  the  air.  Exemptions  to 
this  rule  are  only  provisional. 

n.— VENTILATION. 

3. — In  all  fiery  mines  precautions  must  be  taken  for  a  regular  ventila- 
tion, so  that  accumulations  of  fire-damp,  under  ordinary  circumstances, 
may  be  avoided  in  the  air  currents,  and  all  accessible  working  places  or 
stone  drifts  kept  in  working  condition  and  regularly  inspected. 

Large  mines  may  be  divided  into  several  districts,  with  independent 
ventilation. 

It  is  desirable  to  keep  special  plans  of  the  ventilation. 

4, — The  exclusive  production  of  the  air  through  natural  ventilation  is 
inadmissible. 

The  exclusive  ventilation  by  means  of  the  boiler  chimneys  is  also 
forbidden. 

The  use  of  furnaces  is  only  admissible  when,  on  one  hand,  the  furnaces 
are  fed  with  fresh  air,  and  a  safe  retreat  provided  for  the  furnaccmen  ; 
and,  on  the  other  hand,  when  the  ignition  of  the  fire-damp  at  the  furnaces 
is  impossible. 

Open  fii'e  kibbles  are  forbidden. 

5. — The  quantity  of  fresh  air  to  be  introduced  per  minute  into  a 
fiery  mine  must  be,  for  each  independent  current  53  cubic  feet  per  ton  of 
coal  drawn  daily ;  if  this  quantity  is  not  sufficient  to  reduce  the  estimated 
fire-damp  to  1^  per  cent,  of  the  general  current  of  air  it  must  be  cor- 
respondingly increased. 
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Where,  on  the  contrary,  the  proportion  of  the  fire-damp  and  carbonic 
acid  in  the  return  air  docs  not  exceed  1^  per  cent.,  the  quantity  of  fresh 
air  may  be  reduced  to  35  cubic  feet  per  ton  of  coal  worked.  But  in  all 
cases  the  quantity  must  at  least  amount  to  70  cubic  feet  per  workman, 
calculated  for  the  largest  shift.  One  horse  to  be  regarded  as  equal  to  four 
men. 

The  attachment  to  the  ventilator  of  some  registering  apparatus  is  to 
be  recommended. 

The  motors  for  the  ventilation  must  have  power  sufficient  to  produce 
and  maintain  the  prescribed  minimum  quantity  of  air,  and,  when  required, 
to  increase  it  immediately  by  25  per  cent. 

6. — It  appears  necessary  that  (at  least  for  new  drifts  and  pits)  the 
main  air-ways  should  have  a:  cross  section  of  at  least  32  square  feet. 

The  dimensions  of  these  and  the  other  air-ways  should  in  every  case 
be  so  great  that  with  a  sufficient  ventilation  the  velocity  of  the  air  per 
minute  does  not  exceed  800  feet  in  the  intake,  or  1,200  feet  in  the  return 
currents.  However,  in  general,  it  is  recommended  to  obtain  lower  velo- 
cities by  increasing  the  area  of  the  galleries  and  splitting  the  currents. 

The  use  of  air  bore-holes  as  accessories  is  not  prohibited. 

7. — The  ventilation  in  general  and  in  its  details  should  be  so  arranged 
that  the  fresh  air  descends  from  the  surface  into  the  level  of  the  working 
places  by  the  shortest  route,  and  that  the  isolated  currents  in  the  divisions 
of  the  mine  should  be  always  ascentional. 

Descending  currents  of  air  should  only  be  allowed  exceptionally  in 
special  cases  when  the  current  of  fresh  and  pure  air  is  abundant  and  the 
intakes  very  tightly  stopped.  Rise  drifts  are  not  included,  which  can  only 
be  made  with  a  descending  current  of  air. 

There  is  no  objection  to  lead  descending  currents  into  an  air- way 
where  it  is  not  to  be  used  again. 

8.—  The  number  of  working  places  aired  by  one  and  the  same  current 
shall  be  only  so  many,  that  the  air  in  these  places  possesses  the  requisite 
freshness  and  purity. 

An  air  current  considerably  fouled  must  be  carried  by  the  shortest 
route  to  the  return  air-way  without  passing  other  working  places. 

9. — It  should  be  an  object  of  special  attention  to  direct  the  fresh  air 
along  the  face  of  the  working  places  and  galleries. 

The  ventilation  of  a  working  place  must  not  depend  upon  diffusion 
alone  for  a  distance  of  more  than  20  yards.  Rise  drifts  should  never  be 
driven  without  special  ventilation.  In  dip  drifts  similar  arrangements 
should  be  commenced  after  the  length  exceeds  1 5  yards.     Shafts,  cross- 
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ineasuros,  drifts,  and  ji^alleries,  where  parallel  workings  are  not  made 
simultaneously,  should  never  be  driven  without  brattice  or  air-boxes  oi' 
air-pipes  of  sufficient  diameter. 

The  inclination  of  rise  drifts  should  not  exceed  1  in  KHi. 

For  the  ventilation  of  single  working  places  requiring  an  abundant; 
\  entilation,  the  use  of  compressed  air  and  blast  pipes  is  recommended, 
such  as  Koerting's  steam  jet,  or  other  suitable  apparatus. 

The  greatest  care  should  be  taken  that  hand  ventilators  are  always 
placed  in  fresh  air. 

All  the  roads  and  communications  made  for  ventilation  and  abandoned 
should  be  permanently  stopped  off  and  hermetically  sealed  in  a  durable 
manner. 

10. — Air-doors  should  be  erected  so  as  to  be  self-closing. 

When  complete  isolation  is  required,  or  whore,  in  consequence  of  the 
working  of  the  mine,  there  is  considerable  traffic,  the  doors  should  be 
doubled,  and  at  such  a  distance  apart  so  that  one  shall  always  be  closed. 

Doors,  when  out  of  use,  should  be  removed  from  the  hinges. 

11. — Xo  alteration  should  be  made  in  the  arrangements  for  ventila- 
tion without  the  special  order  of  the  agent  in  charge. 

Any  damages  occasioned  to  the  brattice  doors  or  air-pipes  should  be 
immediately  reported  to  this  agent. 

12. — Abandoned  workings  should  be  fenced  off  in  an  evident  manner 
and  entrance  thereto  should  be  forbidden. 

13. — The  escape  of  gas  from  old  workings  should  be  prevented,  either 
by  hermetically  sealing  them  up  or  by  the  ventilation  of  these  workings. 

In  places  approaching  old  workings  or  other  places  likely  to  contain 
gas,  bore-holes  should  precede  the  face  of  the  working  place. 

1-4. — Each  working  place  in  which  the  workmen  do  not  change  in  the 
face  must  be  scrupulously  tested  for  gas  before  the  entrance  of  the  workmen. 

15. — On  the  ventilation  being  stopped  or  suffering  serious  disturbance 
the  workmen  should  be  withdrawn  at  once  from  the  working  places 
rendered  dangerous,  and  should  only  return  to  their  work  when  the 
removal  of  the  danger  has  been  proved  by  careful  examination. 

As  soon  as  at  any  point  of  the  workings  there  is  any  sign  of  danger 
(threatened  accumulation  of  gas)  the  workmen  should  shut  or  fence  off 
the  dangerous  place,  leave  the  place,  warn  their  comrades,  and  report  to 
tlie  first  official  met  by  them. 

1 6. — The  driving  of  headways  and  boards  should  not  begin  until  the 
ventilation  has  passed  from  the  working  level  to  the  upper  level,  except 
in  the  cases  where  descending  ventilation  is  permitted. 
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17. — In  every  fiery  mine  tlie  Tentilatioii  sliould  be  examined  constantly 
and  with  great  care  by  special  workmen  if  it  is  necessary. 

III.— BLASTING. 

18. — Blasting  with  powder  or  other  slow  acting  explosives  should  be 
forbidden  in  fiery  mines.  The  use  of  dynamite  or  other  rapid  acting 
explosives,  and  of  similar  nature  to  dynamite  with  regard  to  coal  dust, 
should  only  be  allowed. 

The  use  of  dynamite  and  other  similar  explosive  bodies  should  be 
forbidden  in  districts  or  in  any  working  place  wdiere  any  ap])reciable 
(piantity  of  gas  can  be  detected  by  means  of  the  ordinary  safety  lamp 
(more  than  3  per  cent). 

In  every  case  it  must  be  certain,  before  shooting,  that  there  is  an 
absence  of  gas  for  a  distance  of  10  metres  from  the  shot-hole. 

The  stemming  of  holes  with  coal  dust  should  be  forbidden. 

IV.— LIGHTING. 

]'.). — In  fiery  mines  lighting  with  naked  lights  should  be  forbidden. 
Safety  lamps  or  incandescent  electric  lamps  should  only  be  used.  How- 
ever, in  the  intakes,  open  lamps  may  be  used  in  the  shafts  and  their 
approaches. 

In  upcast  shafts  the  use  of  ordinary  lamps  should  only  be  allowed 
under  special  authority. 

20. — Safety  lamps  should  fulfil  the  following  conditions  : — 

(a)  The  combustion  chamber  of  the  lamp  should  be  isolated  so 
as  only  to  communicate  with  the  external  air  by  means  of 
openings  of  •0004  square  inch  at  most. 
(i)  The  metal  gauze  should  be  made  of  uniform  wires  of  -014  to 
•016  inch  in  diameter,  and  the  openings  of  the  mesh 
should  not  exceed  "OOOi  square  inch, 
(c)  All  safety  lamps  should  possess  a  lighting  power  of  "60  of  the 
standard  candle.     It  is  allowable,  however,  to  make  use 
of  safety  lamps  with  a  less  lighting  power  to  examine  the 
air  of  the  mine  for  gas. 
(//)  Every  safety  lamp  should  be  made  so  that  the  different  parts 

fit  together  tightly, 
(e)  The  mode  of  closing  the  lamp  should  make  it  possil)le  to 
ascertain  whether  it  has  been  opened  in  the  workings, 
and  at  the  same  time  provide  for  the  substantial  connec- 
tion together  of  the  different  parts  of  tlie  lamp. 
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21. — FurtluT,  the  following  arrangements  are  also  to  be  ncdinmcnded 
for  safety  lamps  : — 

(a)  In  lamps  with  a  glass  cylinder  the  entry  of  fresh  air  should 

take  place  from  above. 

(b)  The  sides  of  the  glass  should  be  of  uniform  thickness.     The 

glass  should  be  of  good  quality  and  carefully  tempered. 
The  edges  should  be  horizontal  and  exactly  jierpendicular 
to  the  axis  of  the  lamp.  The  height  of  the  cylinder  should 
be  from  2"18  to  2'4()  inches;  the  sides  should  have  a 
thickness  from  "24  to  "32  inch. 

(c)  The  gauze  cage  should  be  from  3-7-4  to  4'13  inches  high;  tlie 

diameter  of  the  base  should  not  be  less  than  that  of  the 
glass  cylinder,  and  the  taper  should  not  exceed  "40  inch. 
22. — Safety  lamps  should  be  supplied,  repaired,  and  maintained  bv 
the  proprietors  of  the  mine. 

It  is  advisable  to  number  them,  and  to  always  give  to  each  workman 
the  same  lamp. 

SPECIAL  REGULATIONS. 

23. — All  fiery  mines  should  establish  regulations  and  submit  them  to 
the  approval  of  the  administration  of  mines  ;  they  should  bear  upon  the 
following  points : — 

I. — The  inspection  of  the  ventilation,  the  regular  examination 
of  the  mine  for  gas,  and  precautions  to  be  taken  when  it 
is  found. 
II. — The  inspection  of  the  blasting  of  shots  and  the  precau- 
tionary measures  to  be  taken  in  this  work  whei-e  it  is 
permitted. 
III. — The  management  of  safety  lamps. 
IV. — Eegular  measurements  of — 

(a)  The  quantity  of  air. 

(b)  The  proportion  of  air  t;*  the  deleterious  gases. 

(c)  The  pressure  of  the  air. 

(d)  The  temperature. 


The  President  said  this  was  an  interesting  paper.  They  expected 
that  the  report  of  the  English  Commission  would  soon  be  published,  and 
it  would  be  interesting  to  be  able  to  compare  it  with  what  the  Prussian 
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Government  had  decided  on.  This  was  a  paper  which  could  not  be 
discussed,  because  it  was  simply  a  statement  of  the  official  regulations 
for  the  management  of  fiery  mines  in  Prussia.  They  were  extremely 
indebted  to  Mr.  Brown  for  making  this  careful  translation.  The  regu- 
lations were  very  admirable.  There  might  be  a  few  that  objection  might 
be  taken  to,  but  on  the  whole  they  seemed  to  treat  the  matter  in  a  much 
more  common  sense  way  than  the  Euglish  Mines  Act  did.  Throughout 
these  regulations  they  took  cognizance  of  the  fact  that  there  must  be  gas, 
but  in  the  Mines  Act  it  was  laid  down  that  there  was  to  be  no  gas  at  all. 
The  Prussians  went  a  little  further  than  this,  because  they  prohibited 
the  use  of  gunpoivder  in  blasting,  but  they  did  not  intend  to  prohibit 
the  use  of  explosives  altogether  ;  dynamite  or  other  quickly  operating 
explosives  could  be  used.  These  regulations  specially  mentioned  that 
no  explosives  had  to  be  used  where  there  existed  any  gas  at  the  time 
it  was  intended  to  fire  the  shot.  That  was  a  very  common  sense 
arrangement.  The  English  Mines  Act  stated  that  if  gas  had  been  found 
in  a  place  three  months  before  there  was  to  be  special  treatment.  Mr. 
Brown,  in  giving  the  dimensions  of  the  different  parts  of  the  lamps,  had 
used  the  decimals  of  an  inch,  with  which  they  were  unaccustomed  and 
with  which  it  was  difficult  to  compare.  If  Mr.  Brown  gave  the  wire 
gauge  and  the  number  of  apertures  in  the  inch,  they  would  be  able  to 
make  a  comparison  with  the  standard  sizes  as  given  by  Davy,  He  moved 
a  vote  of  thanks  to  Mr.  Brown,  which  was  unanimously  responded  to. 

This  concluded  the  business  of  the  meeting. 


PROCKEDIXOS, 


PROCEEDINGS. 


GENERAL  MEETING,  SATURDAY,  JUNE  12tk,  18S6. 


JOHN  DAGLISH,  Esq.,  President,  ix  the  Cuaik. 


The  Secretary  read  the  IMinutcs  of  the  previous  meeting,  and 
reported  the  Proceedings  of  the  Council. 

The  Balloting  List  for  the  annual  election  of  Officers  in  August  was 
submitted  to  the  meeting,  in  accordance  with  Rule  21. 

The  following  gentlemen  were  elected,  having  been  previously  nomi- 
nated : — 

Associate  Membees — 

Mr.  James  Holmes,  Mining  Eugiuuer,  Kat.  Portage,  Ontario,  Canada. 
Mr.  Henry  Musgeate,  Mining  Engineer,  Havercroft  Main  Colliery,  Wakefield. 
The   Honourable  Charles    Algernon    Paesons,   Engineer,   Messrs.   Claike, 
Chapman,  &  Parsons,  Gateshead. 

The  following  Avas  nominated  for  election : — 

Ordinary  Mkmber — 
Mr.  George  J.  Binns,  F.G.S.,  GovernnnMit  Inspector  (if  Mines,  Dunedin,  New 
Zealand. 


The  following  paper  on  •' Coal-]\Iiniug  in  New  Zealand,"  by 
Mr.  George  J.  Binns,  Government  Inspector  of  Mines,  Dunedin,  New 
Zealand,  was  read : — 
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COAI.    MIXINfi    IN    NEW    ZEALAND. 


By   GEORGE   J.    lUXNS,    F.G.S., 
Government  Inspector  of  Minks,  Dunedin,  New  Zkalano. 


INTRODUCTION. 

Thk  writei'  believes  that  amoug  the  Transactions  of  the  North  of 
England  Institute  of  Engineers,  where  information  of  almost  every  kind 
connected  with  mining  may  he  successfully  sought,  scarcely  any 
mention  is  made  of  the  coal-fields  of  New  Zealand  ;  he,  therefore, 
begs  to  add  another  link  to  the  lengthy  chain  of  subjects  upon  which 
those  Transactions  are  a  book  of  reference.  In  doing  so,  it  is  impossible, 
even  if  it  were  desirable,  to  omit  reference  to  the  lengthy  and  indefati- 
gable labours  of  Dr.  James  Hector,  F.R.S.,  C.M.G.,  etc.,  Director  of  the 
New  Zealand  Geological  Survey,  to  whom,  and  to  whose  able  assistants, 
Capt.  Hutton,  F.G.S.,  etc.,  and  Messrs.  Cox,  F.G.S.,  etc.,  and  McKay, 
all  knowledge  of  the  coal-fields  of  the  colony  is  mainly  due.  The  writer 
has,  therefore,  made  full  use  of  the  Progress  Reports  of  the  Geological 
Survey  Department,  giving,  in  almost  every  case  references,  in  order  that 
more  detailed  information  may  be  obtained,  if  desired. 

GEOLOGY   AND    DISTRIBUTION. 

The  workable  coal-seams  of  New  Zealand  occur  in  what  Dr.  Hector 
has  named  the  " Cretaceo-Tertiary  Series"  (see  Plate  XXIV.),  which 
comprises 

a.  Grey  marls ; 

h.  Ototara  and  Weka  Pass  stone  ; 

c.  Fucoidal  grcensands ; 

d.  Amuri  limestone,  chalk  marls,  and  chalk  with  flints ; 

e.  Marly  grecnsands ; 

/.  Island  sandstone  (Reptilian  beds)  ; 
g.  Black  grit  and  coal  formation. 

These  are  stratigraphically  associated,  and  contain  many  fossils  in 
common  throughout,  "  while,  at  the  same  time,  though  none  are  existing 
species,  many  present  a  strong  Tertiary  facies,  and,  in  the  upper  part 
only,  a  few  are  decidedly  Secondary  I'orms." 
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"The  upper  part  of  this  formation  is  a  deep-sea  deposit,  but  the 
lower  sah-divisions  indicate  the  close  vicinity  of  land,  and  are  replaced, 
in  some  areas,  by  true  estuarinc  and  fluviatile  beds,  containing  coal." 

"  The  black  grit,  which  is  the  lowest  marine  bed  of  this  group, 
resembles,  in  mineral  character,  and  the  contained  fossils,  the  ear -stone 
and  calcareous  greensand  of  England." 

"The  principal  coal  dejiosits  of  New  Zealand  occur  in  the  Cretaceo- 
Tertiary  formation,  l)ut  always  at  the  base  of  the  marine  beds  of  the 
formation,  in  every  locality  where  they  occur.  The  coal-bearing  beds 
always  rest  upon  the  basement  rock  of  the  district,  marking  a  great 
unconformity  and  the  closing  of  long  persistent  land  area  at  this  ])eriod. 
Thus  the  coal  is  immediately  overlaid  by  the  grey  marls  in  the  Waikato, 
by  the  Fncoidal  greensands  at  Whangarei,  and  by  the  Island  sandstone  in 
Otago  and  on  the  AVest  Coast  of  the  South  Island.  The  coals  im- 
mediately beneath  the  marine  beds  are  everywhere  hydrous  brown  coals, 
but  upon  the  West  Coast  these  rest  upon  an  immense  formation  of 
micaceous  sandstones,  grhs,  and  conglomerates,  in  which  are  seams  of 
valuable  bituminous  coal,  and  this  lower  part  of  the  formation  is  possibly 
the  equivalent  in  time  of  the  Lower  Greensand  group." 

"  The  same  fossil  plants  are  found  associated  with  all  these  coal 
deposits,  and  even  those  of  the  highest  antiquity  abound  in  the  fossil 
remains  of  dicotyledonous  and  coniferous  trees  of  species  closely  allied  to 
those  represented  in  the  existing  flora  of  the  country."  {Hector,  Hand- 
hooh  of  New  Zedland,  1880,  page  23.) 

For  facihty  of  reference,  the  same  observer  has  divided  the  coals  of 
this  colony  under  the  following  headings,  viz.  : — 

I. — Hydkous  (coal  containing  10  to  20  per  cent,  of  permanent 
water). 

a,  Liijnitc. — Shows  distinct  woody  structure,  laminated,  or  shows 

that  structure  on  dessication  ;  very  al)Sorbent  of  water. 
h.  Browii  Con!. — Rarely  shows  vegetable  structure.  Fracture  irregu- 
lar, conchoidal,  with  incipient  lamination;  colour,  dark  brown; 
lustre,  feeble  ;  cracks  readily  on  exposure  to  the  atmosphere, 
losing  5  to  10  per  cent,  of  water,  which  is  not  re-absorbed  ; 
burns  slowly  ;  contains  resin  in  large  masses. 
c.  Pitch  Coal. — Structure  compact  ;  iracture  smooth,  conchoidal, 
jointed  in  large  angular  pieces  ;  colour,  brown  or  black  ; 
lustre,  waxy ;  does  not  dessicate  on  exposure,  nor  is  it 
absorbent  of  water  ;  burns  freclv,  and  contains  resin  dis- 
seminated  throughout  its  mass. 
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II. — Anhydrous  (coal  containini;'  less  tliaii  (I  per  cent,  of  water). 

a.  Glance  Coed. — Xou-caking-, massive,  compact,  or  friable;  fracture 

cuboidal,  splintery  ;  lustre,  glistening,  or  metallic  ;  stractnre 
obviously  laminated  ;  colour,  black  ;  does  not  foi'm  a  caking 
coke,  but  slightly  adheres.  This  variety  is  cbietly  brown  coal 
altered  by  igneous  rocks,  and  presents  every  intermediate 
stage  from  brown  coal  to  anthracite. 

b.  Semi-Bittnninoiia  Coal. — Compact,  with  laminic  uf  bright  and 

dull  coal  alternately  ;  iractnre  irregular  ;  lustre,  moderate  ; 
cakes  moderately,  or  is  non-caking. 

c.  Bituminous   Coal. — Much   jointed,  homogeneous,    tender,  and 

friable  ;  lustre,  pitch-like,  glistening,  often  iridescent;  colour, 
black,  with  a  purple  hue,  powder  brownish  ;  cakes  strongly, 
the  best  varieties  forming  a  vitreous  coke,  with  brilliant 
metalliclustre.  {Hector,  Rpp.  Geol.  Exploration,  Neiv Zealand, 
1871-2,  page  172.) 

The  hydrous  coals  of  the  South  Island  occur  on  the  Eastern  Coast 
chiefly,  though  they  are  not  unknown  on  the  West  Coast,  where,  how- 
ever, they  are  eclipsed  l)y  the  splendid  deposits  of  true  coal  for  steam 
purposes,  and  by  the  abundance  of  excellent  timber  for  household  use, 
where  the  true  coals  do  not  exist. 

Pitch  coal,  which  is  an  excellent  fuel  for  every  purpose,  has  been 
worked  since  1807,  at  Wanganui  (Nelson),  and  in  Otago,  at  Shag  Point, 
where  it  has  been  mined  since  1862.  It  is  also  found  at  Rcefton 
(Nelson),  Waikato  and  Wangaroa  (Auckland;,  and  in  Southland.  It 
belongs  to  the  Upper  Cretaceous  period,  and  has  an  evaporative  power  of 
5-2  lbs. 

Brown  coal  is  worked  on  the  Waikato  River  in  Auckland,  in  the 
Kaitangata  mines  in  Otago,  and  in  Southland.  An  inferior  brown  coal  is 
also  worked  in  the  Green  Island  district,  close  to  Dunedin.  It  belongs  to 
the  Upper  Greensand,  and  has  an  evaporative  power  of  4:'2  to  5"6  lbs. 
Lignite,  which  is  of  Pleiocene  age,  occurs  in  great  profusion  in  many  of 
the  inland  ancient  rock-basins.  It  contains  large  wooden  fragments, 
principally  of  the  genus  farjus,  and  burns  slowly,  with  a  disagreeable 
odour.  Though  very  inferior  as  a  fuel,  these  deposits  have  been  of  the 
greatest  possible  use  in  the  interior  districts  of  the  South  Island,  where 
there  is  no  timber  or  other  fuel,  and  the  great  height  above  sea-le^•el 
renders  the  climate  extremely  rigorous.  Deposits  also  occur  tlu'oughout 
the  lower  Waikato  basin  and  near  Raglan  {Cox,  New  Zealand  Inst. 
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Trans.,  1882,  page  oG6)  fiirther  deposits  occur,  some  of  the  outcrops 
being  several  feet  in  thickness  ;  but  as  brown  coals  of  a  superior  quality 
occur  in  the  locality,  the  lignites  are  not  worked. 

Bitnminous  Coals. — These  occur,  unfortunately,  only  on  the  some- 
what inhospitable  West  Coast  of  the  South  Island,  but  their  excellent 
quality  has  to  a  great  extent  counteracted  this  defect,  and  their  use  is 
becoming  very  general.  Both  these  and  the  hydrous  coals  occur  at  the 
base  of  a  great  marine  formation,  underlying  limestones,  clays,  and  sand- 
stones of  Cretaceous  and  Tertiary  age,  which  have  a  thickness  of  several 
thousand  feet,  the  coal-seams  occurring  wherever  the  above  formation  is 
in  contact  with  the  older  rocks.  The  value  of  the  coal  appears  to  vary 
in  the  inverse  ratio  to  their  state  of  quiescence  since  being  formed. 
Thus,  the  anhydrous  deposits,  which  are  more  limited  in  distribution, 
appear  to  be  produced  by  local  disturbance  of  the  strata,  and,  in  some 
cases,  are  due  to  the  intrusion  or  superposition  of  volcanic  rocks. 

Bituminous  coal  is  worked  chiefly  in  Nelson  Province,  and  a  descrip- 
tion of  the  various  fields  and  mines  will  be  found  in  its  place.  The  only 
deposit  of  bituminous  coal  on  the  east  side  of  the  main  dividing  range  in 
the  South  Island  is  at  Mount  Hamilton,  in  Southland,  where  highly 
contorted  seams  occur,  one  of  which  measures  for  a  short  distance  IG  feet. 
As  far,  however,  as  the  writer  is  aware,  there  has  not  been  found  any 
deposit  w^hich  would  warrant  the  large  expenditure  necessary  to  introduce 
these  coals  to  a  market. 

the  auckland  coal-fielus. 

Kawa-Kawa  District. 

This  coal-field,  which  belongs  to  the  Upper  Cretaceous  period,  is 
situated  120  miles  north  of  Auckland,  and  has  for  some  years  furnished  a 
considerable  output.  See  (1)  Plate  XXV.  The  Coal-measures  repose  on 
the  PalfBOZoic  ro(;ks,  and  follow  their  wave-like  depressions,  the  seam  being 
separated  from  them  only  by  a  thin  bed  of  underclay,  nowhere  more  than 
7  feet  in  thickness,  in  which  rootlets  are  abundant.  {31cKay,  Geol.  Rep., 
1883-4,  p.  D5.)  The  general  dip  is  W.  33  degs.  S.  at  10  degs.  Unfor- 
tunately, the  seam  has  gradually  diminished  in  value  and  thickness  as  it 
has  been  followed,  having  split  up  in  going  to  the  dip.  Several  holes 
have  been  put  down  with  the  diamond  drill,  but  the  evidence  tends  to 
show  that  the  seam  becomes  thinner  at  all  points  that  have  been  tried. 
{Hector,  Geol.  Rep.,  1883-4,  p.  32.)  In  the  direction  of  Ruapekapeka, 
however,  it  is  believed  that  a  large  workable  area  will  be  met  with.  The 
mine  was  commenced  in  1868,  coal  having  been  discovered  by  a  person  in 
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search  of  Kanvi-o'iim,  whicli  underlies  tlie  surface  in  many  of  the  extinct 
Kanri  forests  of  this  district,  and  forms  a  valuable  article  of  commerce. 
The  seam  was  originally  1?>  feet  thick,  and  was  worked  by  a  drive  from 
the  outcrop,  but  a  fault  was  met  with,  and  since  that  time  the  company 
has  been  much  troubled  by  these  obstacles.  The  produce  has  fallen  from 
54,800  tons  in  1880  to  30,274  tons  in  1884.  The  total  output  is  547,45.5 
tons.  The  produce  is  raised  by  an  engine  plane,  and  to  the  dip  is  a  shaft 
with  heavy  pumping-  gear  ;  ventilation  is  produced  by  a  furnace.  The 
system  of  working  is  by  pillar  and  stall,  but  the  roof  is  bad,  and  the 
slack  is  liable  to  ignite  spontaneously.  The  colliery  is  connected  with 
the  port  by  a  Grovernment  railway  eight  miles  in  length,  which  cost 
£80,283.  Tn  1884, 109  men  were  employed.  This  mine  produces  a  very 
valuable  steam  coal,  which  has  been  much  used  by  the  San  Francisco 
and  other  ocean  steamers,  but  its  value  is  somewhat  diminished  by  the 
large  quantity  of  sulphur  contained. 
The  analysis  gives : — 

Fixed  carbon 

Hydro-carbon 

Moisture 

Ash 


57-20 

55-59 

36-00 

38-10 

4-eo 

4-19 

2-2 

2-12 

100-00       10000 


Theoretical  evaporative  power,  7'H  lbs. 

Whangarei  District. 

The  Whangarei-Hokianga  basin  stretches  north-west  and  south-east 
from  coast  to  coast,  across  the  northern  part  of  the  Auckland  Province. 
See  (2)  Plate  XXV.  Its  breadth  varies  from  six  to  twenty  miles. 
{McKcuj,  Geol.  Rep.,  1883-4,  p.  111.) 

The  Cretaceo-Tertiary  rocks  in  this  district,  which  lie  unconformably 
upon  the  slates,  consist  of — 

Upper  limestone  ; 

Brown  sandstone  ; 

Green  sandstone  ; 
contaiuing  oslrea  carlonacca,  which  occurs  in  large  quantities  above  the 
coal  in  the  Whanwhau  mine.  This  belt  of  sandstone  is  the  equivalent  of 
the  island  sandstone  of  the  "West  Coast  of  the  South  Island,  and  the  beds 
of  this  district  would  seem  much  more  like  those  which  overlie  the  coal 
near  Greymouth  than  those  which  occupy  a  similar  position  in  the 
Waikato  basin.     {Cox,  Geol  Rejh,  1876-7,  p.  100.) 
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At  Kamo,  where  the  coal-seams  liavo  been  worked,  the  area  of 
Cretaceo-Tertiary  rocks  is  small,  as  they  are  obscured  by  younger  vol- 
canic rocks.     {McKay,  Geol.  Rep.,    1883-4,  p.  119.) 

There  were  in  188-1  two  mines  at  work  in  this  district,  namely,  the 
Kamo  and  the  Whauwhau.  The  former  only  is  connected  with  the 
Government  railway  to  port,  which  is  7  miles  long,  and  has  cost  £64,032  ; 
an  extension  to  the  Whauwhau  mine  is  in  course  of  construction.  The 
Kamo  colliery,  which  has  produced  altogether  83,444  tons  in  its  eight 
years  of  existence,  is  worked  l^y  a  shaft,  from  which  the  produce  of  two 
seams  is  extracted  ;  these  vary  from  4  to  12  feet  in  thickness  ;  the  shaft  is 
rectangular,  1.')  feet  by  0,  and  221  feet  in  depth.  Sixty-four  men  were 
employed  in  1884,  who  put  out  19,39o  tons.  The  ventilation  is  natural ; 
explosive  gas  has  been  found  in  small  quantities,  and  the  seam  is  liable  to 
spontaneous  combustion. 

The  Kamo  coal  analyses  as  follows  :  — 

Fixed  carbon 
Hydro-carbon     ... 

Water      

Ash  


52-().3 

19-08 

50-01 

31-30 

37-57 

37-67 

8-91 

9-2-1 

9-01 

•i-16 

1-11 

2-G9 

100-00       100-00         99-38 


Evaporative  power         ...         ...  6'S  fiS  6-5 

The  Whauwhau  mine  is  on  a  smaller  scale,  being  worked  by  a  drive, 
and  putting  out,  in  1 884,  8,000  tons. 

At  Hikurangi  a  considerable  area  may  be  looked  for,  the  seams  vary- 
ing from  2  to  (5  feet.  As  this  is  on  the  proposed  line  of  railway  they 
may  sometime  become  of  value,  especially  as  coal  from  this  locality  has 
been  used  for  smithy  purposes,  and  found  to  be  superior  to  that  from 
Whangarei.     {Hcdor,  Geol.  Rep.,  187C-7,  p.  14.) 

At  Whangaroa,  seams  of  coal  of  fair  quality  have  been  found,  but 
have  not  been  worked.     {Hector,  Geol.  Rej).,  1871-2,  p.  153.) 

At  Mongonui,  in  the  extreme  north  of  Auckland,  a  peculiar  mineral 
occurs,  which,  though  not  exactly  perhaps  capable  of  being  strictly  in- 
cluded in  the  subject  of  this  paper,  is  nevertheless  deserving  of  notice. 
It  resembles  the  Torbanehui  oil-shale,  and  has  a  chemical  composition  as 

follows  : — 

Volatile  matter            ...         ...         ...          ...         ...  75-20 

Carbon  (coke) 9-30 

Hygroscopic  moisture...         ...         ...         ...         ...  1"80 

Ash        13-70 

Sulphiu",  traces... 

10000 
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It  has  not,  however,  been  fouiul  in  any  (jnantity.  {Hertor,  GeoL  Rep., 
1871-2,  p.  155.)  At  this  place  rocks  belonging  to  the  coal  formation  are 
tbnnd,  hut  only  masses  of  lignite  and  no  defined  beds. 

Waikato  District. 

The  coal  formation  in  this  district,  which  belongs  to  the  Lower  Green- 
sand,  not  improbably  extends  continuously  throughout  the  greater  part 
of  the  basin  between  Mercer  and  Taupiri.  See  (:-})  Plate  XXV.  {Cox, 
Geo!.  Rep.,  1870-7,  p.  K3.) 

It  is  bounded  on  the  east  by  the  Triassic  rocks,  running  from  Aotea 
Harbour  to  Tukorokoro  on  the  Firth  of  Thames  ;  to  the  north  it  is 
covered  nnconformably  by  tlie  Pleistocene  formation.  (Cox,  GeoL  Hep., 
1874-6,  p.  12.) 

The  coal-seams  are  worked  where  they  crop  out  on  the  banks  of  the 
"Waikato  River,  at  which  point  they  are  very  favourably  situated  for 
working,  the  seams  being  6  to  45  feet  in  thickness,  with  the  railway  and 
river  alongside. 

At  Foote's  mine,  on  the  Mararaarua  Creek,  a  seam  54  feet  in  thickness 
lies  at  06  feet  below  the  swampy  surface.  Owing  to  improper  working 
and  insufficient  means  of  transport,  this  mine  was  closed,  but  it  will 
shortly  be  re-opened  by  a  new  company,  whose  boring  operations  have 
discovered  the  same  seam  to  be  63  feet  in  thickness. 

There  are  at  present  two  mines  working  in  this  locality — the  Taupiri 
and  Waikato.  The  former  is  worked  by  an  engine-plane  ;  the  seam  is  6 
to  45  feet  in  thickness,  and  has  a  varying  dip.  A  Tangye's  "  S^DCcial " 
pump  is  used  for  draining  the  mine,  and  the  ventilation  is  natural.  The 
output  has  recently  increased  considerably,  having  reached  35,470  tons  in 
1884,  and  totalled  167,087  tons  in  the  nine  yeare  the  mine  has  been  at 
work.     56  men  were  employed  in  1884. 

At  the  "Waikato  coUiery  the  output  is  smaller,  being  10,764  tons  in 
1884.  The  seam,  too,  is  not  so  thick,  being  6  to  18  feet,  and  the  output 
is  drawn  by  horse-power.     21  men  are  employed. 

The  "Waikato  coal  is  clean-looking,  black,  lustrous  coal,  and  makes 

good  fuel,  either  for  house  or  steam  purposes.     It  is,  however,  too  bulky 

to  export,  besides  which  it  dessicates  freely  ou  exposure  to  the  air.     It  is 

subject  to  spontaneous  combustion.     The  analysis  gives  : — 

Fixed  carbon 4708 

Hydro-carljon     ..         ...          ...          ...         ...          ...  33'24 

Water 1760 

Ash        2.08 


10000 
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General  Remarks. 
Although  the  Auckland  coals  are  not  of  the  best  quality,  they  make 
good  household  and  steam  fuel,  and  form  an  important  factor  in  the 
prosperity  of  that  district.  The  seams  are,  in  places,  very  thick,  and 
the  mines  almost  entirely  free  from  explosive  gas.  The  liability  to 
spontaneous  combustion,  however,  constitutes  a  considerable  item  of 
expense.  In  addition  to  the  above,  there  are  several  localities  in  Auck- 
land province — Drury,  Ohinemuri,  Cabbage  Bay,  etc. — where  coal  is 
known  to  exist,  but  is  at  present  of  no  commercial  value. 

Mokau  District. 
Although  the  existence  of  coal  in  this  locality  has  been  known  of  for 
many  years,  having  been  mentioned  in  the  Auclcland  Chronicle,  of  the 
the  8th  April,  184:3,  it  has  only  recently  received  any  attention.      The 
reason  for  this  is,  that  the  field  is  situated  in  the  "  King  Country,"  and, 
therefore,  until  recently,  inaccessible  to  Europeans.     In  1879,  however, 
Dr.  Hector  succeeded  in  penetrating  to  the  outcrops,  and  describes  the 
seams  as  varying  from  2  to  6  feet  in  thickness,  and  the  quality  as  excellent. 
See  (4)  Plate  XXV.     {Hector,  Geol  Rep.,  1878-9,  p.  21.) 

Of  late  years  attempts  have  been  made  to  work  a  5  feet  seam,  dipping 
S.  80  degs.  "W.,  at  1  in  14.      A  pair  of  levels  were  driven,  and  200  tons 
of  coal  taken  out.      Steamers  of  G  feet  draught  can  reach  the  shoots, 
which  are  30  miles  up  the  Mokau  River.      No  doubt,  in  the  future,  this 
district  will  become  of  great  importance.     The  coal  is  non-caking,  and 
belongs  to  the  class  of  pitch  coals.     It  gives  on  analysis  : — 

Fixed  carbon    ...         ...         ...         ...         ...         ...         52"58 

Hydro-carbon   ...         ...         ...         ...         ...         ...         31"67 

Water 12-15 

Ash         3-60 


100-00 


SOUTH    ISLAND. 
Leaving   the    North    Island,   and   crossing   Cook   Straits,   the    first 
coal-field  which  claims  attention  is  the 

PicTON  Basin. 

The  town  of  Picton  is  situated  at  the  head  of  one  of  the  sounds 
opening  on  Cook  Straits.  See  (5)  Plate  XXV.  There  is  ample  depth  of 
water  for  any  vessels,  and  the  situation  is  the  most  central  in  the  colony. 
Thus  an  extensive  deposit  would  be  of  great  economic  importance,  and 
w^ould  at  once  take  the  lead. 

As  far  as  is  at  present  known,  the  Coal-measures  are  confined  to  a 
triangular  patch,  faulted  down  between  schists  on  the  west  and  Permii\n 
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rocks  on  the  east,  and  having  an  extent  of  half  a  square  mile,  and,  to  a 

small  extent,  outlics  at  the  elevation,  about  two  miles  to  the  south,     lu 

the  former  only,  however,  have   workable  seams  been  fonud.     {Hector, 

Geol.  Rep.,  1881,  p.  18.) 

A  considerable  amount  of  prospecting  has  been  carried  on.  and  a  hu'ge 

amount  of  money  expended  in  the  effort  to  find  a  defined  seam,  but 

without  success,  the  coal  occurring-  only  in  crushed  masses,  the  largest  of 

which  was  18  feet  in  thickness.      The  total  ontput  irom  this  field,  which 

is  now  abandoned,  was  70(»  tons.     As  the  coal  is  of  excellent  quality,  it 

is  much  to  be  regretted  that  a  more  regular  field  does  not  exist.      The 

output  for  1884  was  475  tons.     The  analysis  is  given  below  : — 

Fi.\ed  oarboii ()3-21 

Hydro-carbmi   ...          ...          ...          ...          ...          ...  31'0fi 

Water...            432 

Ash         1-41 


10000 


Evaporative  j)o\ver,  8'i  lbs. 

THE  WEST  COAST    COAL-FIELDS. 
The  West  Coast  coal-fields  occur  in  detached  masses  from  Collingwood 
to  Kanieri,  near  Hokitika,  and  the  first  one  claiming  attention  is  the 

Collingwood  District, 
where  the  Coal-measures,  which  belong  to  the  Lower  Greensand  forma- 
tion, consist  of  beds  of  conglomerate,  breccia,  and  hard  beds  of  indurated 
sandstones,  with  thin  coal-seams  and  good  beds  of  fire-clay.  They  rest 
on  the  upturned  edges  of  the  schists,  and  dip  to  the  West,  at  1  in  4  to  1 
in  5,  under  the  upper  series  of  the  Coal-measures,  in  which  the  West 
Wanganui  seams  occur.  See  (6)  Plate  XXV.  {Oox,  Geol.  Rep.,  1882, 
p.  71.)  As  bearing  on  the  future  of  tliis  coal-field,  it  may  not  be  out  of 
place  to  mention  some  of  the  economic  minerals  found  in  the  locality. 
{Cox,  New  Zealand  Inst.  Tram.,  1S88.) 


Hauerite. 

Mispickel. 

Antimony. 

Zinc  blende. 

(xalena. 

Pyrrhotine. 

Anhydrous  hematite. 

Limonite. 

Spathic  iron  ores. 

Iron  pyrites. 


Native  copper. 
Chalcopyrite. 

Tetrahedrite  (Richmondite,  up 
to  1,792  ozs.  of  silver  per  ton). 
Gold  (alluvial  and  quartz). 
Platinum. 
Platiniridinni. 
Osmium  iridium. 
Crystalline  limestone. 
Pluml)ago. 
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At  Parapara  iulet,  about  four  miles  from  the  colliery,  there  occurs  an 
enormous  mass  of  limonite,  or  hydrous  hematite.  This  is  the  pot  or 
bombshell  ore,  so  largely  worked  in  America.  It  is  a  gold-bearing 
ferruginous  cement,  containing  30  to  70  per  cent,  of  limonite,  or  hydrous 
brown  hematite.  {^Hector,  Iron  and  (?oal  in  New  Zealand,  1879, 
Appendix  C.)  The  total  quantity  estimated  to  be  available  by  surface 
excavation  is  52,000,000  tons.  {Binns,  Geol.  Rep.,  1879,  p.  64.)  In  1879, 
the  Government  of  New  Zealand,  by  advertisement  in  most  of  the  leading 
iron-producing  districts  of  Europe  and  America,  invited  tenders  for  the 
supply  of  100,000  tons  of  steel  rails,  to  be  manufactured  within  the 
Colony  from  native  ores.  Colling  wood,  possessing,  as  it  does,  good  coal 
and  plenty  of  ironstone  and  limestone,  is  the  natural  site  for  such  a 
manufacture ;  and,  although  the  project  did  not  at  the  time  have  any 
practical  result,  there  is  no  doubt  that  at  some  future  period  this  will 
become  the  centre  of  a  great  metallurgical  industry. 

The  Wallsend  Colliery,  which  is  the  only  mine  working  in  this  district, 
is  situated  800  feet  above  sea  level,  and  the  seams  mined  produce  a 
lustrous  black  coal,  which  does  not  cake  strongly.  The  field  contains 
about  30  square  miles,  and  the  present  lease  is  990  acres,  held  at  a 
minimum  rent  of  £16  per  annum  from  the  Crown.  The  seams  are, 
unfortunately,  traversed  by  beds  of  dirt,  as  will  be  seen  by  the  following 
sections,  taken  in  1878  by  the  writer: — 


1— Coal     ... 

Dirt     ... 

Coal     ... 
2— Coal     ... 

Shale  ... 

Coal 
3— Coal     ... 

Shale  ... 

Coal     . . . 

Shale  ... 

Coal     ... 
4— Coal     ... 

Shale   . . . 

Coal     ... 

Shale    ... 

Coal     ... 
5— Coal     ... 

Shaly  coal 

Coal     ... 
6  -Coal 

Shale  ... 

Coal     ... 


Ft. 

0 
0 
0 

In. 

6i 

4 
4 

1 
i 

Coal 
(Not 

Ft.    In. 

...     0  lOi 
worked.) 

1 

0 

1 
3 

1 

.     Coal 

...     1     9i 

0 

8-i 

\ 

0 
0 

to 
to 

0 

5f 

1 

0 

5 

to 

0 

6 

.     Coal  2 

0  to  1  111 

0 

2h 

to 

- 

- 

1 

H 

to 

1 

0 
0 

0 

7h 

If 

■>! 

... 

0 

7 

•     Coal 

...  1  in 

... 

0 
0 
0 

H 

9 
lOi 

J 

1 

0 
2 

5 

7 
2 

>■     Coal 

...     1     5| 

0 

8i 

>     Coal 

.37 

A. 

B. 

53-29 

57-31 

38-18 

35-84 

20(5 

1-95 

6-47 

4-90 

10000 

10000 
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The  luino  is  worked  by  a  tumicl,  which  cuts  the  varions  seams, 
from  ail  iijipev  one,  of  wliicli  the  iiiajority  of  the  output  is  at  present 
derived,  and  lowered  to  tlie  shoots  by  a  self-acting-  iierial  tramway,  of 
wliich  the  vertical  height  is  I;}")  feet,  and  the  angle  45  degs.  The 
trncks  hold  10  cwt.  From  the  screens  the  slack  is  taken  by  a  water- 
balance  tramway  to  the  washer.  The  large  coal  is  brought  along  a 
siding  tramway  to  the  incline,  which  is  GOO  feet  in  vertical  height,  and 
then  on  the  flat  by  horse  traction  to  the  wharf,  where  there  is,  nnfor- 
tnnately,  a  very  small  depth  of  water.  Great  natural  facilities  exist  for 
running  out  a  wharf  into  deep  water,  where  vessels  could  lie  well 
sheltered  from  prevailing  winds.  Most  of  the  output  is  used  in  Nelson. 
The  total  quantity  for  K!  years  to  the  end  of  1S84  was  14,882  tons,  and 
the  tonnage  for  that  year  i>,7()i).     The  analysis  is : — 


Fixed  carbon 
Hydro-carbon 
Water       ... 
Ash 


Evaporative  power,  744. 

(a  Cox,  Trans.  Xew  Zealand  Inst.,  1882,  p.  373  ;  B  Hector,  Geot.  Rep., 
1871-72,  p.  177.) 

About  5  miles  up  the  Aorere  River,  and  some  1,200  feet  above 
river  level  in  the  bed  of  the  Otamataura  Creek,  are  several  outcrops  of 
excellent  coal.  The  writer  measured,  in  1878,  nine  seams,  varying  from 
1  inch  to  4  feet,  but  the  last  contains  no  less  than  six  bands  of  dirt,  and 
only  3  feet  G  inches  of  good  coal ;  there  is  also  a  great  deal  of  variation 
in  the  thickness. 

Included  in  this  field  is  the  West  Wanganui  coal-field,  which  lies  on 
the  west  coast  of  the  island.  West  Wanganui  is  a  large  inlet,  about 
8  miles  in  length,  and  almost  entirely  dry  at  low  water.  The  seams  which 
occur  on  the  western  side,  dipping  into  the  hills  which  form  the  barrier 
between  open  water  and  the  harbour,  are  included  in  the  upper  measures 
of  the  Cretaceo-Tertiary  Series,  the  beds  being  sandstones,  shales,  and 
grits,  which  cover  an  area  about  T)  miles  in  width.  { Hector,  Oeol.  Rep., 
1882,  p.  1'.).)  The  strike  is  N.  GO  degs.  E.,  and  the  dip  X.  30  degs.  W., 
at  low  angles.     {Cox,  Geol.  Pwp.,  1882,  p.  71.) 

The  seam  was  discovered  in  the  year  1840,  sticking  up  at  low  water 
from  tlie  mud  flat,  and  fnmi  that  time  until    lS7>i,  ]iassiiig  vessels  were 
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accustomed  to  mine  what  they  required  ;  thus  hirge  holes  were  formed, 
which  were  covered  by  every  tide.  When  a  company  was  formed  in  1878 
to  work  the  field,  the  shaft  was  inadvisedly  sunk  close  to  these  holes,  out 
of  which  it  was  necessary  to  pump  the  sea  after  every  tide.  Naturally, 
this  did  not  last  long,  and  bad  management  soon  closed  the  place,  which 
has  not  since  been  re-opened.  In  1878,  the  Avriter  took  the  following 
section  of  the  seam  : — 

1-2 

10 

3-2 

The  roof  is  bad  and  the  seam  dips  away  ft-om  any  possible  site  for  a 
shaft,  so  the  whole  output  would  require  to  be  hauled  uphill ;  the  produce 
is  a  lustrous  black  pitch  coal,  analysing  as  follows  : — 

Fixed  carbon     ...         ...         ...         ...         ...         ...  45"00 

Hydro-carbon 38-90 

Water 480 

Ash        11-30 


Coal 

1-3  about  40  feet  to  dip 

Dirt 

3-2           

Coal 

2-9          

10000 


The  total  output  is  650  tons. 


Reefton  Coal-field. 


The  next  in  order  is  the  Reefton  coal-field,  which  is  situated  about  30 
miles  inland  from  the  West  coast  of  the  South  Island,  and  about  50  miles 
equi-distant  from  the  ports  of  Greymouth  and  Westport.  (7)  and  (8) 
Plate  XXV.  As  there  is  no  railway  communication,  the  deposits  are  only 
of  local  value  ;  and  the  field  is  not  large,  being  composed  mostly  of  patches 
of  Cretaceo-Tertiary  rocks,  lying  unconformably  upon  the  upturned 
edges  of  Maitai  (Carboniferous)  formation,  in  which  are  the  auriferous 
reefs  which  have  given  their  name  to  the  locality,  and  of  the  Devonian, 
which  is  very  small  in  extent,  and  consists  of  fossiliferous  cherts,  lime- 
stones, and  slates.  {McKay,  Geol.  Rep.,  1882.)  The  rocks  consist  of 
sandstones,  shales,  and  conglomerates,  with  thick  seams  of  coal,  and 
although  a  number  of  small  workings  have  been  carried  on,  nothing  of 
the  nature  of  true  coal  mining  has  been  undertaken.  The  product  is  of 
very  excellent  quality  for  steam  and  household  purposes,  and  has  been 
classed  as  intermediate  in  value  between  the  pitch  coals  of  West  Wan- 
ganui  and  the  true  coals  of  West[)()rt  and  Greymouth. 
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The  following-  analyses  are  taken  fi'om  the  Colonial  Laboratory  Report 
for  1885  :— 


No. 

Locality. 

Nature. 

Fixed 
Carbon. 

Hyilro- 

Oarbou. 

Water. 

Ash. 

Evapora- 
tive 
power. 

lb. 

1 

New  Durluiin  Mine 

Hituniiiious 

54-09 

37-G4 

4.-36 

3-91 

70 

2 

Do. 

lirown 

48-02 

35-57 

14-21 

2-20 

6-2 

3 

Lankcy's  Creek     . . . 

Altered 

58-01 

33-29 

6-79 

201 

7-5 

4 

Murray  Creek 

Hituuiiuons 

53-96 

35-87 

8-18 

1-99 

7-0 

5 

Dudley  Mine 

IJrowii 

48-10 

35 -88 

14-21 

1-81 

6-2 

The  field  has  been  open  for  fourteen  years,  during  which,  to  the  end 
of  1884,  15,619  tons  was  produced.  In  1884  there  were  six  mines,  which 
employed  10  men,  and  produced  1,351  tons. 

An  interesting  feature  in  this  neighbourhood  is  the  Golden  Treasure 
coal  mine,  in  Murray  Creek  ;  within  a  few  yards  is  the  quartz  mine  of 
that  name,  and,  lying  on  the  surface  of  the  coal,  is  a  conglomerate,  or 
rather  gravel,  in  which  good  alluvial  gold  is  found. 

In  other  portions  of  Nelson  Province,  deposits  of  coal  occur,  but  none 
have  as  yet  been  worked. 

BuLLER  Coal-field. 

The  next  district  claiming  attention  is  the  Duller  coal-field,  which 
extends  ft'om  the  BuUer  River  on  the  South,  to  Mokihinui  on  the  North, 
descending  from  the  summits  of  high  mountains  in  the  former  locality  to 
the  sea  level  in  the  latter. 

Some  years  ago  a  mine  was  opened  on  the  Mokihinui  River,  but, 
proving  a  commercial  failure,  it  was  abandoned.  The  present  company 
has  only  recently  commenced  operations,  and  coal  is  not  yet  in  the 
market. 

At  the  point  of  present  operations  there  are  two  seams  lying  as 
follows  : — 


Ft. 

In. 

Coal         

3 

0 
10 
0. 

Band       

0 

Coal         

1 

Sandstone,  etc.  ... 

8 

0 

Coal         

2 

9 

Band  and  coal    . . . 

1 

5 

Coal         

2 

G) 

Coal 


Coal 


4  ft.     Oin. 


5  ft.     3  in. 
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aud  the  mining  operations  consist  of  a  drive  to  the  rise  with  two  or  three 
levels  ;  the  dip  is  N.  20  degs.  E.,  at  1  in  6.  Fanlts  have  been  met  with. 
The  shoots  will  be  connected  with  the  wharf  by  a  railway  1  mile  3?)  chains 
in  length,  on  which  a  small  locomotive  will  be  used.  In  the  river  are 
two  bars,  one  at  the  mouth,  where  thei-e  is  14  feet  6  inches  of  water  at 
high  tide,  and  one  in  the  channel  which  has  only  12  feet  C  inches.  In 
November  last  the  steam  coiher  "Timaru"  brought  250  tons  of  steel 
rails,  and  when  loaded  with  coal,  she  carries  250  tons  on  11  feet.  A 
railway  7  miles  in  length  would  connect  the  mine  with  the  Government 
line  at  Ngakawau,  and  enable  the  output  to  be  shipped  at  Westport. 
The  analysis  is  : — 

Fixed  carbon     ...         56'01 

Hydro-carbon 37"17 

Water 260 

Ash         4-22 


10000 


The  writer  is  informed  that  about  two  miles  fia'ther  up  the  country 
there  is  a  seam  of  excellent  coal,  30  feet  in  thickness,  and  lying  close 
to  the  surface. 

In  the  Westport  coal-field,  the  seams  exist  on  a  high  plateau,  900  to 
3,000  feet  above  sea  level,  and  are  from  4  to  53  feet  in  thickness. 
Accurate  surveys  conducted  by  the  Geological  Department  have  shown 
that  it  contains  140,000,000  tons  of  bituminous  coal,  and  on  the  strength 
of  this  the  Government  have  expended  on  a  railway,  19  miles  in  length, 
£210,886,  and  on  the  harbour  £13,593.  These  works  were  open  for  traffic 
in  the  year  1874,  but  it  was  not  until  some  years  subsequently,  that  an 
export  trade  commenced. 

Several  leases  have  been  taken  up,  but  at  present  only  two  companies 
are  at  work,  viz. :  the  Westport  Coal  Company,  Limited,  and  the  Koranui 
Coal  Company,  Jjimited.  The  former  company  has  a  capital  of  £400,000, 
of  which  £210,000  is  paid  up,  and  has  expended  in  this  field,  £120,000, 
besides  £30,000  in  steam  colliers,  and  a  considerable  sum  on  a  coal  pro- 
perty at  Greymouth,  which  will  be  described  further  on.  The  leases  held 
by  this  company,  in  the  Westport  district,  comprise  4,300  acres  ;  the 
term  being  99  years,  and  the  royalty  Od.  per  ton. 

The  great  drawback  to  the  prosperity  of  this  field  is  the  bar-harbour, 
which,  though  sheltered  from  the  prevailing  south-westerly  and  westerly 
winds  by  Cape  Foulwind  and  the  Steeples,  and  formed  by  the  second 
largest  river  in  the  Colony,  is  very  variable,  and  appears  of  late  years  to 
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have  varied  steadily  for  the  worse.  Thus,  wliilo  in  1871)-S0,  the  avera.'^o 
depth  of  water  at  spring  tides  was  12'5  feet ;  for  1882-83,  13'8  feet ;  the 
average  for  1884-85  was  only  11*7  feet. 

Lately,  a  Harbour  Board  Act  has  been  passed,  which  vests  the  ad- 
ministration in  a  local  body,  nominated  by  the  Governor,  who  have 
power  to  borrow  up  to  £500,000,  the  Government  of  the  Colony  giving 
a  guarantee  for  the  principal  and  interest  of  each  instalment  as  borrowed. 
This  Board,  which  is  endowed  for  revenue  purposes,  with  all  rents  and 
royalties  from  the  coal-field,  receipts  from  railway  and  harbour,  and 
revenue  from  gold  fields  and  lands,  in  the  district,  has  so  far  borrowed 
£150,000,  and  is  at  present  engaged  in  constructing  a  breakwater  on 
the  designs  of  Sir  John  Coode,  who  estimates  that  an  expenditure  of 
£480,000  will  give  24  feet  of  water  on  the  bar,  and  also  that  the  harbour 
will  benefit  'pro  rata  as  the  works  progress. 

The  self-acting  inclines  belonging  to  the  Westport  Coal  Company 
which  serve  to  bring  the  coal  to  the  railway  are  deserving  of  notice.  The 
lower  one  commences  at  158  feet  above  sea  level,  and  ends  at  1,057  feet ; 
its  length  is  59  chains,  and  maximum  grade  1  in  2|-,  the  average  being 
1  in  4' 55.  The  brake-power  consists  of  a  9  feet  drum  with  a  pair  of 
hydraulic  cylinders  ;  there  is  also  a  band  which  can  be  applied  if  desired. 
A  new  10  feet  drum  is  being  constructed. 

The  upper  incUne  commences  at  1,057  feet,  and  ends  at  1,884  above 
sea  level,  the  maximum  grade  being  1  in  1"316,  and  the  average  1  in  3*48; 
the  length  is  44  chains,  and  the  brake-power  at  the  summit  is  a  9  feet 
drum  with  3  iron  bands. 

The  gauge  on  the  incline  is  3  feet  G  inches,  the  rails  (formerly  iron, 
but  now  being  replaced  with  steel),  42  lbs.  and  the  ropes  4  inches  in 
circumference  and  made  of  No.  9  B.w.g.  crucible  steel.  The  trucks  used 
are  of  the  ordinary  iron  railway  hopper  pattern,  and  hold  6  tons  12  cwts. 
The  two  inclines,  down  which  one  truck  at  a  time  is  lowered,  work 
perfectly  smooth,  and  without  any  jar  whatever.  The  most  that  has 
been  lowered  is  440  tons  in  eight  hours,  and  the  cost  for  labour  on  400 
tons  is  4^d.  per  ton. 

The  coal  is  worked  by  a  drive  in  the  seam  which  extends  for  98 
chains  from  the  entrance,  with  several  thirlings  to  daylight  on  to  the 
cUff,  which  bounds  the  workings  on  one  side.  Originally,  the  seam  worked 
was  small,  and  somewhat  soft,  but  now  all  the  coal  is  got  from  a  19 -foot 
seam,  3  feet  of  which  is  left  to  assist  the  roof  ;  the  beds,  unfortunately, 
dip  very  capriciously,  being  separated  from  the  slates  by  only  a  small 
thickness  of  measures.     In  one  place  the  coal  lies  du'ectly  on  the  upturned 
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edges  of  the  slates.  Haulage  is  performed  by  an  endless  chain,  the  power 
being  supplied  by  a  single  20-inch  cyhnder  engine,  with  a  48-inch  stroke; 
the  chain  is  |-inch  diameter  ;  the  grade  varies,  but  is  mostly  uphill 
towards  the  road  :  the  speed,  average. 

The  cost  of  chain  haulage  and  putting  with  ponies  is  Is.  4d.  for  1^ 
miles,  or  lO'Gd.  per  ton  mile  for  labour  alone.  The  mine  trucks  will  soon 
all  be  of  steel  (Hudson's  patent),  holding  11  cwt.;  and  the  rails  are  iron 
or  steel,  28  lbs.  per  yard  on  the  main  roads,  and  14  lbs.  elsewhere  ;  gauge, 
2  feet.  The  screening  appliances  include  3  front  tipplers,  at  a  height  of 
24  feet  above  tlie  wagons  ;  straight  bars,  on  which  the  main  coal  passes 
over  |-inch  spaces,  and  the  nuts  over  ^-iuch. 

The  mine  is  worked  on  a  system  of  G-yard  boards  and  9-yard  pillars  ; 
the  ventilating  appliances,  which  are  merely  temporary,  consist  of  a  6-foot 
fan,  driven  by  hand-power  ;  the  workings  are  entirely  free  from  explosive 
gas,  the  cover  being  thin,  and  intersected  with  numerous  fissures  :  this 
causes  parts  of  the  mine  to  be  wet  in  bad  weather,  which  is  very 
prevalent. 

The  wages  paid  are  high,  being  lis.  for  the  day  of  8  hours  below 
ground  ;  the  hewing  price  is  3s.  lOd.  per  ton,  including  trucking  or 
putting  30  feet.  Timber  is  supplied  by  the  owners.  150  men  are 
employed  below,  and  30  above.  The  output  for  1884  was  74,187  tons, 
and  from  commencement  189,412  tons.  The  railway  carriage  is  2'6^d. 
per  ton  for  12  miles,  and  includes  wharfage. 

The  freights  are  : — to  Lyttelton,  8s.  6d.  to  9s.;  to  Welhngton,  8s.  to 
8s,  6d.;  to  Port  Chalmers,  9s.  Gd.  to  10s.  6d.;  and  to  Auckland,  13s.  to 
14s. 

The  coal  is  sold  f.o.b.  in  Westport  at  12s.  6d.  to  13s.  6d.,  and  the  small 
coal  which  is  used  for  steamers,  at  Gs.  to  8s.;  thus  on  reaching  the  main 
ports  the  coal  sells  at  20s.  to  22s.  per  ton  ;  the  retail  price  in  Dunedin  is 
about  35s.  per  ton  delivered. 

The  Westport  coal  is  a  bright  lustrous  fuel,  burning  with  a  cheerful 
blaze,  making  very  httle  soot  and  leaving  hardly  any  ash  ;  thus  it  is  a 
first-class  household  coal,  and  equally  good  for  steam  or  gas  purposes. 

The  analysis  is  as  follows  {Cox,  Trans.  New  Zealand  Inst.,    1882, 

p.  373)  :— 

Fixed  carbon     ...         ...         63*81 

Hydro-carbon   ...         ...         ...         ...         ...         ...  31 '88 

Water 3-08 

Ash         1-23 

100-00 
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It  seems  sad  to  state  that  with  such  a  fine  property  the  financial 
condition  of  this  company  shoukl  not  be  flourishing-,  but  the  bad  liarbour, 
the  high  rate  of  wages,  and  a  strike  which  lasted  for  seven  months  during 
the  years  188-4-85,  have  prevented  tlie  concern  from  paying  dividends. 
When,  to  all  those,  is  added  the  competition  of  Newcastle  (New  South 
"Wales)  coal,  it  shows  a  list  of  obstacles,  to  conquer  which,  requires  a 
considerable  amount  of  patience  and  perseverance. 

The  Newcastle  coal  is  hard  and  bright,  and  has  for  many  years  been 
considered  the  best  coal — except  Scotch — in  the  New  Zealand  markets. 
Owing  to  facilities  for  working  and  shipping,  which  are  absent  from  this 
Colony,  the  New  South  Wales  coal  is  shijipcd  for  lis.  per  ton,  and  on 
account  of  the  large  amount  of  produce  sent  from  this  Colony,  the  back 
freights  are  very  low — about  5s.  per  ton.  Thus  Newcastle  coal  is  sold  in 
New  Zealand  waters  at  16s.  per  ton.  When  the  prejudice  which  is  felt 
against  any  local  production  is  overcome,  and  the  harbour  made  capable 
of  loading  vessels  with  2,000  or  3,000  tons,  no  doubt  the  superiority  of 
the  Westport  fuel  will  make  itself  effectually  felt.     (9)  Plate  XXV. 

GREYMOUTH   FIELD. 

"\yhereas  in  the  Westport  district  the  seams  lie  chiefly  at  a  great  height 
above  sea  level,  at  Greymouth  they  are  worked  principally  at  or  below  it. 
The  seams,  which  occur  in  grits  and  conglomerates  of  Upper  Mesozoic  age, 
corresponding  with  the  G-ault,  or  Lower  Greensand  (Hector,  Handbook  to 
New  Zealand,  1880,  p.  34),  extend  from  the  south  side  of  the  River  Grey,  a 
distance  of  10  or  12  miles  in  a  northerly  direction.  The  beds  have  a 
westerly  dip  at  an  angle  of  about  1  in  3.  The  seam,  which  is  18  feet 
thick,  is  exposed  in  the  upper  gorge  of  the  Grey  River,  where  it  was 
originally  discovered.  The  early  workings  were  a  little  above  ordinary 
river  level,  and  have  proved  a  source  of  danger  now  that  the  seam  has 
been  followed  to  the  dip.  In  the  early  days  the  output  was  carried  down 
the  river  in  barges  ;  subsequently  the  Government  constructed  a  railway 
8  miles  in  leng-th  on  the  southern  bank  of  the  river,  which  cost  £192,975, 
and  expended  £127,018  on  the  harbour.  A  suspension  bridge,  adapted 
to  horse  traffic,  was  also  built  for  the  accommodation  of  the  mines  on 
the  north  side. 

There  are  at  present  four  mines  open,  two  on  each  side  of  the  river. 
The  Brunner  colliery,  on  the  north  side,  has  been  at  work  for  20  years, 
and  is  in  private  hands.  The  workings  are  approached  by  a  level,  and 
have  been  continued  both  to  the  dip  and  rise  ;  their  continuity  on  the 
level  was  interrupted  by  a  downthrow  fault,  which  was  found  to  die  out 
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on  the  rise.  At  a  distance  (to  the  dip)  of  18  chains,  the  amount  of 
dislocation  is  250  feet.  The  roof,  generally,  is  good,  consisting  of  very- 
hard,  dark  grey  micaceous  sandstone,  which  forms  an  excellent  cover,  but 
over  a  considerable  area  this  gives  place  to  a  close-grained  saccharoid 
sandstone,  wliich  stands  very  badly.  The  hauling  engine  for  the  dip 
workings  consists  of  a  pair  of  coupled  14-inch  cylinders,  with  18-inch 
stroke,  but  for  some  time  this  portion  of  the  mine  has  not  been  worked. 
The  rise  output  is  brought  down  by  a  self-acting  endless  rope,  having  a 
length  of  830  yards,  and  a  grade  about  1  in  5.  The  rope  is  steel,  3 
inches  in  circumference,  and  there  is  a  self-acting  curve  round  a  turn, 
making  an  angle  of  1 6  degs.  with  the  straight  line.  At  present  horses 
are  used  on  the  upper  as  well  as  on  the  main  level,  but  in  the  former  case,  it 
is  intended  to  continue  the  endless  rope  for  a  distance  of  about  half-a- 
mile.  Very  little  gas  is  given  off  by  the  seam,  and  the  ventilation  is 
produced  by  a  16  feet  Guibal  fan,  driven  at  60  revolutions  per  minute  by 
a  small  portable  engine.  The  system  of  working  is  board  and  pillar,  the 
former  18  feet,  having  pillars  13  yards  by  20  yards  ;  in  coming  back  a 
very  large  proportion  of  the  seam  is  obtained.  The  mine  tubs,  which 
are  of  wood,  hold  10  cwt.  and  weigh  5  cwt.  Hadfield's  steel  wheels  are 
largely  used.  The  gauge  is  2  feet.  The  total  output  to  end  of  1884  was 
372,904  tons,  and  the  output  for  that  year  78,368  tons,  being  the  largest 
output  in  the  Colony.  Of  this  15,076  tons  was  slack,  which  is  used  for 
coke,  a  very  excellent  article  being  made. 

The  sm'face  arrangements  comprise  a  large  brick  and  tile  yard,  and  fire- 
clay works,  whence  a  first-class  article  is  turned  out.  The  fire-clay,  after 
being  got  in  the  mine,  is  elevated  by  buckets  to  an  edge-runner  crushing 
machine,  thence  it  goes  to  a  revolving  screen,  and  through  the  pug- 
mill  to  the  moulding  and  drying  shed.  The  bricks  and  gas  retorts  are 
used,  not  only  throughout  New  Zealand,  but  also  in  Melbourne.  The 
slack  from  the  screen  is  elevated  42  feet  in  iron  buckets  and  passed 
through  a  revolving  screen  7  feet  long  and  f\  inch  in  diameter.  The 
nuts  pass  over,  and  are  used  for  steam  purposes.  An  endless  band, 
made  of  an  endless  chain,  each  link  of  which  draws  the  slack  along  a 
trough,  is  used  for  conveying  the  slack,  a  canvas  band  carrying  it  30  feet 
further  to  the  coke  ovens,  of  which  there  are  twelve,  of  the  beehive  pat- 
tern, from  10  to  111  feet  in  diameter.     The  slack  is  not  washed. 

The  boiler-power  includes  two  Cornish  multitubular  boilers,  15 
feet  by  5  feet,  hand-fed  with  slack  ;  steam,  55  lbs. 

The  total  number  of  men  on  the  works  in  1884  was  20!),  of  whom 
170  were  coal  miners.  The  lease  is  1,280  acres,  held  from  the  Crown, 
and  the  royalty  6d.  per  ton. 
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On  the  same  side  of  the  river,  and  situated  to  the  dip,  is  the  Coal  Pit 
Heath  Colliery,  which  works  a  Crown  lease  of  780  acres,  and  has  been  in 
operation  for  eight  years. 

The  seam,  which  equals  the  Brunner  in  thickness,  is  won  by  two 
shafts  :  one  75  feet  deep,  close  to  the  rise  boundary,  and  the  other,  a 
rectangular  G  feet  by  10  feet  shaft,  280  feet  further  to  the  dip.  The 
level  workings  met  with  the  large  downthrow  fault  mentioned  above,  so 
an  engine  dip  was  driven,  and  one  of  Fowler's  hauling  engines,  with  a 
couple  of  14  inch  cylinders,  was  put  down.  The  winding  engine  at 
present  used  consists  of  a  single  18  inch  cylinder,  with  3  feet  stroke, 
which  also  works  the  slack  elevator,  and  hauls  the  railway  wagons  up  a 
short  incline  ;  until  recently  it  also  worked  a  set  of  pump-rods  in  the 
shaft.  A  furnace  has  for  some  years  been  used  for  ventilation,  but  the 
company  is  now  putting  down  a  7  feet  Schiele  fan.  The  pumps  used 
are  two  of  the  Tangye  "  Special "  type,  and  there  will  shortly  be 
three — a  large  one  having  been  ordered  capable  of  lifting  20,000  gallons 
per  hour.  The  boiler  plant  comprises  three  14  feet  by  5  feet  multitu- 
bular boilers,  and  one  of  the  Cornish  type,  28  feet  by  6  feet.  The  tubs  are 
wooden,  and  hold  10  cwt.,  and  the  rails  14  lbs.,  replaced  by  18  lbs.  (fish- 
plated)  on  the  inclines.  The  head  gear  is  wooden,  and  24  feet  in  height 
from  flat-sheets  to  centre.  The  cage  holds  one  tub ;  the  pulley  wheels  are 
6  feet  in  diameter,  and  the  winding  ropes  of  steel  wire,  and  3  inches  in 
circumference.  There  are  four  coke  ovens  of  the  beehive  pattern  11  feet 
in  diameter. 

The  main  shaft  at  this  colliery  was  sunk  too  near  the  boundary,  and 
it  is  intended  to  put  down  a  larger  and  better  shaft  to  the  dip,  with  a  pair 
of  engines  having  20  inch  cylinders  and  3  feet  stroke,  acting  direct  on  to 
a  10  feet  drum.  By  this  means  a  very  valuable  propejty  will  be  opened 
out. 

Since  the  commencement,  in  1875,  the  output  has  been,  to  the  end  of 
1884,  113,610  tons,  and  for  that  year  18,989  tons;  57  men  were 
employed  below  and  13  above. 

The  Greymouth  Wallsend  Colliery,  which  is  on  the  south  side  of  the 
river  Grey,  was  commenced  about  the  year  1877,  and  at  first  the  works 
consisted  of  a  shaft  towards  the  rise,  and  116  feet  in  depth.  Soon  after, 
another  was  put  down  to  the  dip,  11  feet  in  diameter,  and  bottoming  at 
670  feet.  Unfortunately,  this  proved  too  much  for  the  finances  of  the 
company,  who,  having  spent  about  £55,000,  went  into  liquidation,  and 
the  property  was  sold  for  about  £11,000.  The  second  company  was  also 
unsuccessful,  and  sold  the  concern  to  the  Westpoit  Coal  Company,  who 
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are  now  sinking  a  14  feet  shaft,  and  putting  down  a  very  excellent  plant, 
on  which  operations  they  have,  to  February,  1886,  spent  £65,000.  The 
shaft  is  tubbed,  where  required,  with  concrete  blocks,  grouted  in  with 
cement,  and  bedded  on  proper  ciu'ves.  It  is  not,  however,  perfectly 
water-tight. 

The  winding  engine  consists  of  a  pair  of  30  inch  cylinders,  with  5  feet 
stroke,  acting  direct  on  to  a  16  feet  drum,  and  fitted  with  steam  brake 
and  starting  gear.  The  boilers,  which  are  of  steel,  are  30  feet  by  7  feet, 
fitted  with  2  feet  9  ijich  tubes,  and  six  Galloway  tubes  ;  the  pressure  is 
60  lbs.  The  head  gear,  which  is  of  wrought  iron,  will  be  49  feet  to 
centre,  or  probably  more ;  and  the  cages,  which  will  be  fitted  with  safety 
hooks,  are  single  ^decked,  and  will  hold  two  tubs.  A  Guibal  fan,  30  feet 
diameter,  will  provide  ventilation,  which  is  at  present  done  by  a  small 
13  feet  Guibal.  The  sinking  is  carried  on  by  a  portable  double  (8  inches 
by  16  inches)  cylinder  engine.  An  air  compressor  and  Burleigh  rock 
drill  are  on  the  ground.  The  winding  rope  is  of  steel  wire  3  inches  in 
circumference.  The  engine  house  is  of  wood,  32  feet  by  48  feet,  and  33 
feet  high,  while  the  engine  foundations  are  massive  concrete.  Some  idea 
of  the  cost  of  sinking  miiy  be  formed  from  the  sinkers'  wages,  which  are 
12s.  6d.  per  day  of  eight  hours,  though  the  pit  is  by  no  means  what 
would  be  called  wet  in  England.  This  shaft  is  expected  to  bottom 
about  May  next,  and  will  be  670  feet  in  depth.  It  is  close  to  the  rail- 
way line,  and  should  prove  a  very  valuable  property.  From  the  old 
shaft  the  tonnage  was  12,123  tons. 

In  addition  to  the  above  mines  there  is  a  small  undertaking  known 
as  the  Tyneside  Colliery,  situated  to  the  rise.  This  was  started  in  1870, 
and  abandoned  until  July,  1885.  The  coal,  which  is  a  faulted  area 
thrown  down  to  the  S.E.,  dips  E.  20  degs.  S.,  at  1  in  3^,  and  is  8  feet 
thick.  The  railway  runs  close  to,  and  the  mine  is  cheaply  worked ;  so  if 
the  coal  should  prove  good  the  undertaking  ought  to  be  profitable. 

The  following  average  analyses  of  the  Grey  mouth  coal  are  given : — 

Fixed  carbon       ...  53-25  ...  53-50  ...  59-38  ...  53-08 

Hydro-carbon      ...  38-73  ...  41-28  ...  34-48  ...  41-95 

Water       1-48  ...  1-41  ...  105  ...  -99 

Ash           6-54  ...  3-81  ...  4-09  ...  3-98 


100-00  100-00  99-00  lOQ-OO 


Evaporative  power,  6-9  to  7-7. 

It  is  an  excellent  smithy,  steam,  and  gas  coal,  but  not  so  well  adapted 
for  household  purposes,  and  being  rather  soft  it  bears  carriage  badly. 
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In  addition  to  those  working  mines  ure  otlier  companies,  who,  tliougii 
holding  leases,  have  not  commenced  operations.  Among  these  may  be 
mentioned  the  Black  Ball  Coal  Company,  who  hold  an  area  up  the  Grey 
River,  and  the  Coal  Creek  Coal  Company,  wliose  lease  is  on  the  north 
side  of  the  river,  about  5  miles  from  the  mouth.  The  property  has  an 
outcrop  of  two  seams,  G  feet  and  lo  feet  thick  respectively,  and  separated 
by  about  170  feet  of  measures,  dipping  S.  30  degs.  W.,  at  an  angle  of  22 
degs.     The  analysis  is  : — 


Fi.xed  carbon    ... 

55-88 

56-71 

Hydro-carbon  ... 

35-57 

34-89 

Water 

4-95 

4-82 

Ash       

3-GO 

3-58 

100-00 

100-00 

Evaporative  power,  7-25  to  7'37. 

Greymouth,  like  Westport,  suffers  from  a  bar-harbour,  the  state  of 
which,  and  the  rapid  improvement  in  which,  may  be  gathered  from  the 
following  Table  : — 


Number  of  Days  iu  each  Year  on  which  Depth  occurred. 

1880-1. 

1881-2. 

1882-3. 

1883-4. 

1884-5. 

Under  10  feet 

10  ft.  and  under  12  ft.... 
12  „          „          14  „  ... 
14  „          „          16  „  ... 
16  „    and  over  ... 

165 

140 

57 

3 

nil 

130 
144 

90 
2 

nil 

16 

78 

230 

40 

1 

27 

85 
123 
100 

30      , 

13 

44 
144 
124 

40 

{New  Zealand  Public  Works  Statement,  1885,  p.  32.) 

The  same  Parliamentary  paper  (page  42)  states  that  while  in 
1879-80  the  average  depth  at  spring  tides  was  10*425  feet,  in  1884-85 
it  was  13"7.  There  is  now  a  Harbour  Board,  the  constitution  of  which  is 
exactly  similar  to  that  at  Westport ;  the  borrowing  powers,  however, 
being  only  £150,000. 

GENERAL  REMARKS. 

This  coal-field  has  the  advantage  of  Westport,  in  having  the  Govern- 
ment railway  at  the  mines'  mouths.  The  distance  to  port  is  8  miles,  and 
the  can'iage  2s.  It  is  worthy  of  mention  that  this  shoi  t  section  is  the 
best  paying  line  in  the  Colony,  the  return  being  £4  16s.  per  cent.  {Annual 
Uevort  of  General  Manager  of  Railways,  1885,  p.  11.) 
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The  two  mines  on  the  north  side  send  their  output  over  a  suspension 
bridge,  which  is  very  awkwardly  constructed,  all  the  wagons  being  com- 
pelled to  pass  over  a  turn-table,  where  they  are  pushed  round  by  hand, 
and  whence  they  are  drawn  by  horses  across  the  bridge.  This  will  be 
very  prejudicial  to  a  large  output. 

Greymouth  is  the  western  terminus  of  the  proposed  East  and  West 
Coast  Railway,  and  there  is  no  doubt  that  while  such  a  means  of  transport 
would  enable  the  mines  to  be  worked  more  regularly,  and  therefore  more 
economically,  the  railway  would  probably  open  up  coal-fields  to  the  east- 
ward of  the  present  workings,  which  would  considerably  damage  the  trade 
of  the  port,  which  is  almost  entirely,  like  "Westport,  dependent  on  the 
coal  output.  Still,  so  long  as  grey  coal  is  so  eagerly  sought  after  in 
Austraha  for  gas  purposes,  the  sea-borne  coal  would  always  have  a  great 
advantage. 

At  Kanieri,  a  short  distance  from  Hokitika,  on  the  West  Coast,  is  a 
deposit  of  coal,  which  was  discovered  in  1870,  and  in  prospecting  which 
some  time  and  capital  have  been  expended.  (10)  Plate  XXV.  There 
are  several  seams  dipping  at  high  angles,  and  associated  with  beds  closely 
resembling  those  which  accompany  the  Greymouth  coals.  In  1885  the 
writer  visited  the  district,  at  the  request  of  the  local  Prospecting  Asso- 
ciation, with  a  view  to  advising  as  to  the  best  method  of  opening 
up  the  field,  but  nothing  definite  had  been  discovered,  and  surface  pro- 
specting is  still  being  carried  on.  Although  crushed  and  unmarketable, 
the  coal  analyses  well,  as  will  be  seen  on  reference  to  the  following 
results : — 

Fixed  carbon 
Hydro-carbon 

Water  

Ash 


Evaporative  power,  8'4. 
(a  Cox,  Trans.  New  Zealand  Inst.,  1882,  p.  374.     B  Col.  Lab.  Rep.,  1885,  p.  23.) 

At  other  places  on  the  West  Coast  coal-seams  occur,  but  they  are 

entirely  unproved.     It  is,  therefore,  unnecessary  to  do  more  than  refer 

to  them. 

CANTERBURY  COAL-FIELDS. 

Crossing  the  main  dividing  range,  and  descending  on  to  the  Canter- 
bury Plains,  the  Canterbury  coal-fields  are  reached.     (10)  Plate  XXV, 


A. 

B. 

47-50 

64-82 

30-17 

2417 

1-87 

3-81 

20-46 

7-20 

100-00 

100-00 
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"The  coal-bearing  beds  iu  Xortli  Cautorbni-y,"  says  Mr.  Cox  {GcoJ. 
Rep.,  1883-84,  p.  29),  '"are  found  on  the  southern  slopes  of  Mount 
Somers,  and  extend  up  the  Soutli  Ashburton,  nearly  as  far  as  the  lower 
gorge.  They  can  also  be  traced  along-  the  south-eastern  fiice  of  the  hills 
on  the  edge  of  the  Canterbury  Plains,  as  far  as  Taylor's  stream.  They 
are  again  met  with  iu  the  Rakaia  Gorge,  where  they  form  a  trough-shaped 
syncline — a  similar  one  occurring  at  Rockwood  ;  and  from  the  Brockley 
Mine  Coal-measures  extend  to  the  Malvern  Hills,  (11)  Plate  XXV., 
enveloping  Mount  Misery,  and  being  found  below  the  flat,  at  the  mouth 
of  the  ATairiri.  They  flank  the  south-eastern  side  of  the  slate  rocks  in  the 
Malvern  Hills  as  far  as  Sheffield,  and  are  probably  continuous  beneath 
the  flat  to  Springiield,  w^here  the  colliery  of  the  Springfield  Company  is 
at  work  on  two  seams  of  coal  below  the  level  of  the  plain.  A  small 
isolated  basin  also  occurs  in  the  upper  part  of  the  Selwyn  River  below 
High  Peak." 

It  will  thus  lie  seen  that  they  occupy  a  large  extent  of  country,  and, 
flanking  the  lower  Secondary  rocks,  usually  dip  below  the  shingle  plains. 
*'The  Coal-measures  proper,"  continues  Mr.  Cox,  "consist  of  beds  of 
sand,  clay,  shale,  and  coiiglomerate,  with  seams  of  brown  coal,  variously 
altered  to  all  stages  of  non-caking  coal,  from  brown  coal  to  anthracite." 

The  only  commercially  important  workings  have  been  in  the  Malvern 
Hills,  about  40  miles  distant  from  Christchnrch.  and  connected  with 
that  city  by  the  railway  over  the  Canterbury  Plains  ;  and  although,  as 
Capt.  Hutton  observes  {Geol.  Rep.,  1873-74,  p.  42)  :  "by  far  the  larger 
part  of  the  coal  iu  this  district  is  inferior  in  (piality  to  that  from  several 
other  localities  in  New  Zealand  ;  its  extent,  its  easily  accessible  position, 
and  its  proximity  to  Christchnrch,  make  it  one  of  the  most  important 
fields  that  we  possess.  The  coal  formation  can  be  traced  a  distance  of 
40  miles,  with  but  one  break  «  *  *  «  gj  there  can  be  little  doubt 
that  it  extends  continuously  from  one  end  to  the  other."' 

Unfortunately,  these  predictions  as  to  the  future  of  the  field  have  not 
been  realised,  and  at  present  the  coal  industry  of  the  district  is  in  any- 
thing but  a  flourishing  condition. 

There  are  four  classes  of  coal  in  the  locality  {Cox,  Geol.  Rep.,  1882, 
p.  6U)  :- 

1 . — Anthracite. 

2. — Altered  brown  coals,  in  which  the  percentage  of  water  is  not  high. 

3. — Altered  brown  coals  with  high  percentage  of  water. 

4. — Brown  coals. 

VOL.  XXXV.- 1886.  ^   -^ 
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Of  the  first  class,  very  little  has  licen  worked.  A  four-foot  seam  has 
been  known  at  Acheron  River  for  many  years,  but  in  March,  1885, 
during-  the  writer's  visit,  the  following  section  was  exposed : — 

Ft.   In. 
Black  carbonaceous  shale        ...         ...         ...         ...         8     0 

Coal        6     0 

Shale       ..  ...  4     0 

Coal         3     0 

Towards  the  crop  the  seam  measures  5  feet  3  inches,  and  the 
shale  parting  is  only  9  inches.  This  outcrop  is  about  2.5  miles  from 
a  railway,  and  the  only  question  naturally  is,  what  amount  of  coal  of  this 
quality  exists  ?  If  the  seam  were  lying  unaltered,  or  if  a  large  quantity 
were  assured,  a  railway  would  no  doubt  soon  be  constructed.  As  it  is  the 
output  is  merely  nominal. 

The  analysis  is  given  as  : — 

Fixed  carbon 65-80 

Hydro-carbon  ...         ...         ...  538 

Water    ...         ...         ...          ...         ...  457 

Ash         2425 


100-00 


Evaporative  ])owei%  8-5. 

A  previous  analysis,  by  Dr.  Hector,  in  1869,  gave  88'91  per  cent,  of 
fixed  carbon,  or  an  evaporative  power  of  11*5. 

Of  the  second  class,  the  output  has  not  been  extensive,  the  Brockley 
Coal  Mine,  which  for  some  years  yielded  a  small  output,  and  Lees'  Mine, 
which  merely  commenced  operations,  being  the  only  examples.  At  the 
former  the  coal  stands  vertically,  and  has  been  altered  by  the  intrusion  of 
a  dyke  of  dolerite.  The  total  output  was  5,606  tons,  and  the  last  year's 
work  yielded  300  tons.  For  some  years  the  mine  has  been  closed,  owing 
to  difficulty  in  transport,  1 2  miles  cartage  on  a  heavy  road  proving  too 
expensive. 

The  analysis  is  : — 

Fixed  carbon       ...          ...          ...         ...          ...          ...  .'i3-29 

Hydro-carbon 3204 

Water       12-65 

Ash          2-02 


10000 


Of  the  third  class,  hardly  any  has  been  worked.  In  the  Rakaia  Gorge 
a  thick  seam  has  been  opened  for  the  use  of  a  sheep  station,  but  the  output 
was  very  small.  Of  the  fourth  class,  a  considerable  output  has  been 
for  some  years  maintained,  the  quantity  to  end  of  1884  being  165,432 
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tous,  iiud  lor  that  year  2;},8o-J:  toiis.     Xt  j)rcseut  tliijic  arc  lU  collieries  in 
the  district,  the  principal  of  which  arc  briefly  described  below. 

Springfield  Colliery  has  been  worked  lor  nine  years,  and  produced  to 
the  end  of  1884 — 51,100  tons.  It  is  the  property  of  a  private  company, 
who  commenced  operations  with  a  dip  drive,  from  which  10  acres  was 
wrought.  The  floor  was  clay,  and  the  roof  of  fine  grained  sandstone.  A 
small  steam  engine  was  used  for  hauling  purposes.  This  mine  w'as  closed 
in  1880,  and  a  12  feet  by  5  feet  2  inches  shaft  sunk  on  the  seam,  at  a  depth 
of  24:8  feet,  by  which  a  new  area  in  two  seams  was  opened  up.  The 
lower  seam  only  is  now  got  l)y  a  system  of  board  and  pillar,  the  former 
12  feet  wide,  of  which  6  feet  is  packed  with  stone  from  the  roof,  and  from 
a  band  in  the  seam.  The  pillars  are  10  yards  wide,  and  are  worked  in 
coming  back.  The  seam  dips  in  a  south-easterly  direction  at  7  inches 
to  the  yard.  The  winding  engine  consists  of  a  single  14  inch  cylinder, 
with  21  inch  stroke,  geared  8  to  1.  The  rope  is  steel  wire  3  inches  in 
circumference.  The  cages  hold  one  tub,  which  carries  5  cwt.,  and  runs 
on  a  gauge  of  18f  inches.  Iron  rails  are  used.  The  headstocks  are 
50  feet  in  height  above  the  ground,  and  30  feet  above  the  stage.  A 
Tangye's  "Special"  pump  disposes  of  the  water. 

The  company  has,  in  addition  to  the  colliery  plant,  which  includes 
neat  little  shops,  with  a  16  inch  screw-cutting  bed  lathe,  and  a  drilling 
machine,  very  complete  works  for  the  manufacture  of  tiles,  fire  bricks, 
terra-cotta  goods,  and  drain  pipes  u})  to  18  inches  in  diameter.  There  is 
also  a  manager's  house,  and  23  miners'  cottages,  14  of  which  are  built  of 
brick.  The  freehold  belongs  to  the  company,  and  comprises  several 
thousand  acres. 

Unfortunately,  there  is  only  one  outlet  from  the  w'orkings.  and  as 
"The  Regulation  of  Mines'  Act,  1874,"  of  New  Zealand,  permits  only  10 
men  to  be  employed  below  ground,  under  these  circumstances  the  output 
is  on  a  small  scale.  The  coal  is  used,  to  a  small  extent,  on  the  Govern- 
ment railways,  with  which  the  pit  is  connected  by  a  branch  line  140 
chains  in  length.  The  freight  to  Addington  (Christchurch)  is  Gs.  per  ton, 
and  to  other  stations  2d.  per  ton  per  mile. 

Analyses  of  Springfield  Coal  (  Cox,  Trans.  New  Zealand  InsL,  1882, 
p.  372):- 


Fixed  carbon 

..     47-90     . 

..     50-GO     . 

..     55-50     . 

..     G3-20 

Hydro-carbou 

..     41-80     . 

. .     38-80     . 

. .     30-90     . 

..     23-60 

Water      ... 

..       6-30     . 

7-80     . 

..       4-20     . 

3-20 

Ash 

..        i-OO     . 

2-80     . 

..       9-40     . 

.       10-00 

100  UO 

10000 

100-00 

10000 

Coal  7  feet  9  inches. 
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The  only  other  colliery  connected  directly  with  the  railway  system  is 
the  Homebush  mine,  situated  on  the  Whiteclitis  branch,  and  connected 
therewith  by  a  horse  tramway  1^  miles  in  length,  and  2  feet  G  inch 
gauge.  This  is  in  the  hands  of  the  owner  of  the  ground,  and  the 
working.-,  are  level  free,  the  seam  having  been  followed  for  a  considerable 
distance  on  the  strike,  but  not  to  the  dip  ;  the  angle  of  inclination  is  E.  10 
degs.  S.,  1  in  S. 

At  the  mine  mouth  the  sequence  is  : — 

Ft.  lu. 

a.  Coal  ...  ...  ...  ...  3  6 

Dirt  4  0 

b.  Coal  1  3 

Dirt  1  6 

c.  Coal  0  6 

Uirt  2  0 

d.  Coal  2  6 

But  when  followed  for  five  chains  the  A  seam  splits,  and  a  6  inch  band  of 
clay  is  introduced,  which  gradually  cuts  the  coal  out.  At  about  7  chains 
fi'om  tlie  mouth  B,  C,  and  D  unite,  forming  a  7  feet  seam,  with  a  fine 
grained  shale  roof,  about  12  inches  in  thickness,  which  comes  down, 
leaving  a  good  parting,  and  requiring  very  little  timber.  At  37  chains 
on  the  level  the  partings  return,  and  the  seam  becomes  unworkable. 
The  floor  is  clay,  2  feet  in  thickness,  underlaid  by  sandstone.  The  mine 
tubs  hold  10  cwt.,  and  are  mostly  fitted  with  steel  wheels. 

The  seam  is  worked  by  headings  on  the  full  rise,  and  boards  0  feet 
wide  on  the  level ;  pillar.s  10  yards,  which  are  subsequently  worked 
back.  The  coal  is  brought  down  in  tubs  on  a  carriage  with  a  balance 
weight  attached.  The  screens  are  fitted  with  a  revolving  tippler.  The 
slack  is  not  subject  to  spontaneous  combustion ;  in  this  respect  resembling 
Springfield.  The  total  output  from  this  undertaking,  which  is  now 
closed,  has  been  68,274  tons  in  12  years.  The  tonnage  for  1884  was 
10.453,  reduced  from  17,194  in  1883. 

Descending  into  South  Canterl)ury  the  Mount  Somers,  Kakahu, 
and  Waikao  coal-fields  are  found,  which  have  as  yet  been  worked  only  for 
local  requirements.     (12)  Plate  XXV. 

OTAGO  COAL-FIELDS. 

On  reaching  Otago,  which  had  up  to  the  end  of  1884  produced 
1,140,424  tons,  out  of  a  total  of  3,007,198  tons  for  the  whole  Colony, 
the  first  deposits  claiming  attention  are  those  of  Wharekuri,  Kurow,  Dun- 
troon,  Papakaio,  and  Ngapaia,  near  Oamaru,  none  of  which  are  connected 
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by  rail,  and  which,  consequently,  are  worked  on  a  small  scale.  The  total 
output  ibr  188-1:  from  five  mines  in  this  locality  heing  under  5,U0o  tons. 
(13)  and  (U)  Plate  XXV. 

Passing  by  a  small  coal-field  at  Otepopo  the  Shag  Point  district  is 
reached,  which  is  about  4(>  miles  north  of  Dunedin,  and  close  to  the  trunk 
line  of  railway,  with  which  it  is  connected  by  a  private  line.  The  coal  seams 
occur  towards  the  upper  part  of  the  cpiartz  conglomerates  of  the  Horse 
range  {Cox,  Geol.  Rep.,  1882,  p.  5G).  These  beds  ordinarily  have  a  dip  of 
E.S.E.,  at  10  degs.,  but  on  the  sti-ike  of  a  large  fault,  running  in  a  N.W. 
direction  from  the  mouth  of  the  Shag  River,  they  are  highly  tilted  and 
contorted.  Mr.  Cox  considers  that  a  large  extension  of  coal-bearing 
formation  extends  below  the  Palnierston  flat.  The  seams  are  overlaid  by 
a  remarkable  concretionary  ferruginous  sandstone,  containing  septaria. 

The  Shag  Point  coal  differs  from  the  rest  of  the  East  Coast  coal  in 
not  having  an  incandescent  ash,  which  peculiarity  renders  it  a  safe  fuel 
for  household  use.  (15)  Plate  XXV.  From  180;-)  to  1870  the  seams 
were  worked  by  a  dip  drive  into  the  hill  a  few  chains  above  high  water 
mark,  but  lately  they  have  been  followed  to  the  dip  below  the  sea.  Three 
seams  have  been  worked,  the  upper  4  feet  thick,  the  main  seam  oO  feet 
below  this,  and  in  places  about  12  feet  thick,  but  usually  divided  by  a 
clay  parting,  and,  70  feet  below,  another  seam  also  divided.  All  the  coal- 
beds  are  capricious  in  thickness,  and  the  roof  generally  is  bad.  The 
slack  is  exceedingly  prone  to  spontaneous  combustion. 

The  main  seam  was  followed  for  about  G  chains  below  liigh  water 
mark,  and  was  worked  under  a  minimum  cover  of  about  120  feet,  but  in 
March,  18S;-{,  the  submarine  workings  were  not  considered  safe,  and  were 
stopped  ;  in  February  1884,  a  marine  incursion  took  place,  and  the  whole 
of  the  works  were  stopped.  Since  that  date,  however,  the  influx  of  water, 
which  was  never  very  rapid,  has  decreased,  and  by  the  aid  of  pumping 
appliances  the  colhery  is  again,  in  some  parts,  working. 

The  upper  seam  is  worked  by  an  engine  plane,  '.)  chains  in  length,  the 
motive  power  being  a  pair  of  8^  inch  cylinders,  with  14  inch  stroke, 
geared  6  to  1  to  a  G  feet  drum  ;  steam  is  supplied  by  a  1 4  feet  by  4  feet 
boiler  ;  wire  ropes  are  used,  and  iron  rails.  The  main  winding  engine, 
which  draws  coal  from  the  lowest  seam,  out  of  a  13  feet  by  5  feet  shaft, 
247  feet  in  depth,  has  a  pair  of  12  inch  cylinders,  with  18  inch  stroke. 
Boilei-s  (tubular),  16  feet  by  5  feet  and  14  feet  by  3  feet  G  inches  ;  drum,  6 
feet.  The  pumping  appliances  consist  of  a  Parker  and  "Weston's  G  inch 
ram,  with  2  feet  G  inch  stroke,  and  also  an  automatically  emptying  barrel, 
which  replaces  one  of  the  cages.  The  head  gear  is  well  designed,  and  the 
shaft  substantially  timbered. 
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The  system  usually  adopted  for  workiug  is  the  board  and  pillar  ;  loug- 
wall  was  tried,  but  for  various  reasons,  one  of  which  was  the  bad  roof,  it 
did  not  succeed. 

The  property,  which  is  a  Crown  lease,  is  in  private  hands  ;  the  position 
is  excellent,  there  being  no  competition,  and  the  coal  sells  retail  in 
Dunedin  at  26s.  and  28s.  per  ton. 

The  analysis  gives  : — 

Fixed  carbon     ...         ...         ...         ...         ...         ...  ■IS'lo 

Hydro-ciU-boii   ...          ...          ...          ...          ...          ...  33'70 

Water 16-o7 

Ash         6-58 


10000 
{Cox,  Trans.  New  Zealand  lust..  1882,  p.  370.) 

In  connection  with  the  property,  are  well  equipped  brick  and  tile 
works,  where  a  very  superior  article  is  manufactured.  The  total  output 
of  coal  up  to  end  of  18 Si  was  165,027  tons  ;  for  that  year  only  4,184: 
tons  ;  but  in  1880  the  amount  whs  36,06G  tons. 

Passing  sundry  outcrops,  which  are  of  no  commercial  value,  the  next 
coal-field  is  the  Green  Island  basin,  which  is  about  8  miles  in  extent,  and 
has  the  advantage  of  being  within  6  miles  of  the  city  of  Dunedin.  (16) 
Plate  XXV.  This  fact,  coupled  with  the  existence  of  a  seam  19  I'eet  in 
thickness,  compensates  somewhat  for  the  poor  quality  of  the  coal,  which 
may  be  judged  from  the  analyses  given  below. 

The  beds  consist  of  sands,  clays,  ferruginous  gravels,  shales,  and  fire- 
clays, with  seams  of  coal  resting  upon  the  schists,  and  dipping  to  the 
N.E.  at  1  in  10  under  the  Gaversham  sandstone,  which  is  a  Tertiary- 
marine  formation,  and  is  again  overlaid  by  the  volcanic  rocks  of  the 
Dunedin  basin.     {Hector,  Geol  Rep.,  1871-72,  p.  170.) 

The  field  has  been  opened  for  about  twenty-five  yeai's,  during  which 
only  one  seam  has  been  worked,  and  numerous  mines  have  been  lost  by 
spontaneous  fires,  to  which  this  coal  is  exceedingly  prone.  There  are  at 
present  eight  collieries  at  work,  only  four  of  which  are  connected  with  the 
railway  ;  the  system  throughout  is  the  Scotch  "  room  and  ranee  ; "  the 
tenure  is  freehold,  and  the  royalty,  where  payable,  about  Is.  per  ton.  As 
only  7  to  8  feet  is  at  first  worked,  and  about  3  feet  in  coming  back,  an 
enormous  proportion  of  the  seam  is  lost. 

The  principal  colliery  is  the  Walton  Park,  which  put  out  in  1884, 
30,250  tons,  and  has  produced  altogether  270,199  tons.  GO  men  are 
employed,  which  gives  upwards  of  500  tons  per  man  (al)ove  and  below) 
per  annum. 
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The  paid-up  capital  of  the  company  is  £11,000,  and  the  dividends 
are  usually  1 0  per  cent. 

About  three-quartors  of  the  output  is  raised  by  a  shaft  measuring  12 
feet  6  inches  by  4  feet  6  inches,  and  173  feet  deep ;  the  rest  comes  from  a 
dip  drive,  in  wliich  horse-power  is  used,  and  goes  for  handsale  ;  there  are 
two  ventilating  shafts,  one  of  which  has  a  furnace.  The  winding  engine 
is  a  single  16:^  inch  cylinder  (geared),  which  also  works  .an  11  inch 
bucket  lift  with  6  feet  stroke.  The  head-gear  is  45  feet  in  height,  the 
pulley  wheels  5  feet  in  diameter,  and  a  3  inch  flat  steel  rope  is  used.  In 
sinking  the  shaft  a  bed  of  running  sand  was  met  with,  65  feet  in  depth, 
which,  though  extending  over  the  whole  field,  is  nowhere  else  of  such 
great  thickness.  It  was  overcome  by  a  sinking-box,  forced  down  by 
screws.  This  obstacle  has  caused  the  abandonment  of  f(nu'  shafts  in 
the  immediate  neighbourhood. 

The  seam  is  of  the  usual  thickness,  the  "rooms"  12  to  14  feet  wide, 
and  the  "ranees"  10  to  25  feet.  The  roof  is,  as  usual  in  the  neighbour- 
hood, very  bad.  to  remedy  which,  coal  is  left.  The  mine  timber  usually 
used  is  Leplospernnim  sp.  (Manuka),  costing  for  an  8  feet  prop,  i\  inches 
diameter  at  the  small  end.  Is.  Id.  Wooden  rails  are  general,  except  in 
the  main  roads,  where  14  lbs.  iron  rails  are  used,  costing  £12  per  ton. 
The  mine  belongs  to  a  limited  liability  company,  who  have  purchased  the 
freehold  of  the  land,  and  is  connected  with  the  Government  main  line  by 
a  branch. 

A  brick  company  was  started  on  the  same  ground,  which,  after  build- 
ing a  Bull's  patent  kiln,  capable  of  turning  out  250,000  bricks  per  Aveek, 
at  a  price  of  30s.  to  40s.  per  thousand,  has,  unfortunately,  proved  a  failure. 

The  Green  Island  colliery  is  on  the  main  line,  under  which  the  coal 
has  been  partially  worked,  and  the  workings  are  reached  by  an  engine- 
plane.  Formerly,  a  shaft  formed  the  means  of  approach,  but,  in  1880,  a 
spontaneous  fire  occurred,  and  the  shaft  was  closed  and  flooded  ;  shortly 
after  which,  the  company  went  into  liquidation.  The  lease  is  of  200 
acres  for  twenty-one  years,  and  the  freehold  is  in  private  hands.  The 
mine  was  started  in  1873,  and  the  first  coal  raised  in  July,  1874  ;  the 
output  for  1884,  for  17  men,  was  8,809  tons,  and  the  total  80,902  tons. 

The  Fernhill  colliery  is  situated  to  the  west  of  the  basin,  and  is 
approached  by  a  private  railway.  No  machinery  for  hauling  or  winding- 
is  required,  as  the  coal  comes  out  of  a  level  di'ive  ;  furnace  ventilation  is 
used.  The  colliery  office  is  connected  with  Dunedin,  a  distance  of  about 
7  miles,  by  telephone.  The  output  for  1884  was  13,985  tons,  and  the 
total  34,997  tons  ;  IG  men  are  employed.  Very  excellent  sand  for 
building  purposes  is  obtained  here,  as  also  at  other  mines. 
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The  Abbotsrov.d  colliery  is  connected  with  the  railway  by  a  private 
tram  line.  A  dip  drive,  with  engine  power,  serves  to  bring  the  coals  to 
dayhght.  The  output  for  1884  was  11,946  tons,  and  the  total  74,651 
tons. 

In  addition  to  these  there  are  four  landsale  mines,  the  total  annual 
outjjut  from  which  is  between  0,000  and  7,000  tons.     (17)  Plate  XXV. 

The  ordinary  wages  in  the  field  are  4s.  to  4s.  4d.  per  ton,  which 
includes  sometimes  a  considerable  amount  of  trucking  ;  10s.  for  under- 
ground and  7s.  to  8s.  for  overground  labour  per  day.  The  coal  when 
first  got  has  a  lustrous  appearance  and  a  brown  colour,  but  dessicates  on 
exposure  to  the  air.  It  burns  freely,  with  a  slightly  unpleasant  smell, 
and  leaves  a  bulky,  incandescent  ash.  As  a  locomotive  fuel  it  does  well, 
and  the  slack  is  largely  used  for  stationary  engines.  "When  used  in  the 
former  capacity  tlie  sparks  are  a  source  of  danger  to  crops,  etc. 

The  freight  to  Dunedin  is  2s.  per  ton,  and  the  coal  is  delivered  retail 
from  12s.  6d.  to  18s. 

The  mines  are  entirely  free  from  explosive  gas,  and  accidents  are  rare. 

The  analysis  gives  : — 

Fixed  carbon 
Hydro-carbon 

Water      

Ash  


Sulphur 0-90  ;}(!(! 

(a  Cox,  Trans.  Neio  Zealand  Inst.,  1882,  p.  369.     B  FernhiU  Coal.  Prof.  Black,  D.Sc. 

c  Fernhill  Coal,  Sector.) 

CLUTHA  COAL-FIELD. 

This  field,  which  is  estimated  to  contain  more  available  coal  than  any 
other  in  New  Zealand,  extends  from  north  of  the  Clutlia  River  in  Otago 
to  9  miles  north  of  the  river  Tokomairiro,  a  distance  of  about  20  miles, 
and  covers  altogether  an  area  of  about  40  square  miles.    (18)  Plate  XXV. 

The  formation  consists  of  conglomerates,  sandstones,  clays,  and  shales, 
with  coal-seams,  forming  ranges  of  hills  700  feet  high  in  the  neighbour- 
hood of  Kaitangata,  and  of  less  altitude  to  the  north,  where  they  rise 
again  on  the  flanks  of  Mount  Misery,  which  is  upper  schistose  rock.  Very 
good  sections  would  be  exposed  on  the  coast  at  Coal  Point,  were  it  not 
that  faults  have  somewhat  obscured  the  section.  In  the  shales  above 
the  main  seam  are  fragmentary  vegetable  fossils.  {Hector,  Geol.  Rejh, 
1871-72,  p.  105  ;  1870-77,  p.  19.) 
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The  first  mine  was  opened  in  isr)8,  on  the  seashore,  in  an  IH  feet 
seam,  the  coal  being  carried  on  a  tramway  for  three-quarters  of  a  mile  to 
the  month  of  the  Clutha  or  Molyneux  River  ;  but  the  undertaking  was 
not  a  success,  and  in  180 1  another  was  opened  on  the  west  side  of  the 
Kaitangata  range,  and  close  to  the  river,  where  the  scam  dips  in  an 
opposite  direction,  indicating  that  the  hill  is  an  anticlinal  arch. 

There  are  at  present  six  mines  open  in  the  field,  only  one  of  which  is 
of  any  importance.  This  is  the  Kaitangata  Railway  and  Coal  Company's 
mine,  where  a  seam  '2i  feet  to  35  feet  in  thickness,  but  very  much  dislo- 
cated and  broken,  is  worked.  At  one  part  it  dips  at  an  angle  of  45  degs., 
and  is  at  its  maximum  thickness,  in  this  particular  much  resembling  some 
of  the  Bohemian  seams.  The  roof  is  a  hard  coarse  conglomerate,  70  feet 
in  thickness,  and  auriferous,  but  not  sufficiently  rich  to  be  remunerative  ; 
the  floor  is  also  hard.  The  capital  of  the  company  is  £25,000,  fully 
paid-up,  and  the  reserve  fund  is  £10,602.  The  average  dividend  for  the 
last  five  years  has  been  18^  per  cent,  per  annum.  The  output  is  sold  in 
Duuedin  at  2 (Is.  per  ton  delivered,  and  is  a  great  favourite  with  the  pub- 
lic.    It  is  also  used  extensively  for  locomotives  and  other  engines. 

There  are  in  this  locality  three  workable  seams — the  topmost  3  feet 
G  inches  in  thickness,  and  the  lowest,  which  is  the  main  seam,  and  lies 
500  feet  below,  upwards  of  35  feet  in  thickness.  About  intermediate, 
between  the  two,  is  a  9  feet  seam,  which  has  not  been  worked.  In  187G-77 
about  7,000  tons  were  taken  from  the  top  seam,  but  the  workings  are  now 
abandoned.  A  considerable  quantity  was  also  extracted  from  this  seam 
in  a  mine  by  the  river,  but  of  this  the  writer  has  no  record. 

Originally  there  were  two  companies  working  adjoining  leases,  but  in 
1880  the  whole  property  passed  into  the  hands  of  the  Kaitangata  Railway 
and  Coal  Company,  Limited,  whose  first  mine  was  driven  through  the 
conglomerate  and  into  the  coal,  which  at  that  point  has  a  moderate 
inclination.  As  the  property  now  exists,  the  coal  is  raised  chiefly  from 
an  engine  plane,  1,076  feet  in  length  and  9  feet  in  width  by  6  feet  6 
inches  in  height.  This  dips  1  in  5,  and  was  driven  through  the  con- 
glomerate for  the  purpose  of  opening  out  a  field  supposed  to  exist  beyond 
a  150  feet  fault.  Although  the  driving  was  in  places  very  hard,  and  a 
considerable  amount  of  water  was  met  with,  coal  was  reached  in  six 
months,  and  the  enterprise  of  the  company  was  rewarded  by  finding  the 
seam  of  full  thickness  and  excellent  quality,  dipping  1  in  5  J.  In  driving 
the  engine  plane  a  rock-drill  was  used,  actuated  by  one  of  Ford's  air- 
compressors.     Dynamite  was  employed  for  blasting. 

The  rails  on  the  main  road  are  28  lbs.  steel ;  in  the  working  places 
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12  lbs.  The  hauling  rope  is  steel,  and  3  inches  in  circumference.  The 
mine  tubs  are  wooden,  fitted  mostly  with  iron  wheels  ;  but  a  few  which 
have  Hadfield's  patent  steel  wheels  give  great  satisfaction.  Ventilation  is 
produced  hj  a  furnace,  situated  at  the  bottom  of  a  shaft,  6  feet  3  inches 
in  diameter,  238  feet  in  depth,  and  bricked  throughout. 

At  present  the  set  is  hauled  up  the  plane  by  a  double  cylinder  9  inch 
by  12  inch  engine,  geared  to  a  12  feet  drum  ;  but  the  plant  has  been  laid 
out  for  the  adoption  of  the  endless  rope  system.    Electric  signals  are  used. 

In  addition  to  the  engine  plane,  there  is  a  rectangular  shaft  measuring 
1 1  feet  9  inches  by  4  feet  6  inches,  which  was  sunk  for  the  purpose  of 
working  the  dip  area.  In  sinking,  the  measures  were  found  to  have  taken 
a  sudden  plunge  to  the  west,  so  at  386  feet  a  level  was  driven  330  feet  in 
length,  and  the  coal  found  of  excellent  quality  and  30  feet  in  thickness, 
but  lying  at  an  angle  of  45  degs.,  which  appeared  to  increase  to  the  dip. 
The  method  of  working  this  seam  was  by  driving  inclines  to  the  full  rise 
and  levels  on  the  strike.  The  boards  were  driven  back  over  until 
the  roof  cut  them  off.  These  workings  were  somewhat  fiery.  The 
pit  winding  engine  has  a  pair  of  cylinders  9  inches  by  14  inches,  and  the 
rope  is  round  and  of  steel  wire.  From  the  level  at  the  shaft  bottom  a 
dip  drive  is  being  put  down  to  explore  the  field  in  that  direction.  The 
hauling  engine  comprises  a  pair  of  12  inch  by  24  inch  cylinders,  and  is 
worked  by  compressed  air,  which  is  supplied  by  a  single  20  inch  by  44^ 
inch  steam  cylinder,  attached  direct  to  a  13  inch  air  cylinder.  The  air 
pipes  are  6  inches  in  diameter  and  800  feet  in  length.  In  the  mine  level 
is  a  30  feet  by  6  feet  boiler,  which  is  used  as  a  receiver.  This  was 
originally  put  down  in  1884  for  a  steam  boiler,  but,  unfortunately,  the 
coal  caught  fire,  and  that  portion  of  the  mine  was  closed  for  six  weeks. 
In  the  original  mine,  which  is  now  closed,  the  seam  lay  at  an  angle  of 
1  in  7,  and  on  approaching  the  heavy  inclination  to  the  dip,  inclines 
were  driven  on  the  full  angle,  and  levels  driven  at  right  angles  close 
to  the  roof.  The  boards  in  this  case  were  driven  towards  the  rise  until 
they  reached  the  floor.  Subsequently,  some  of  the  head  coal  was  worked, 
but  the  heavy  dip  prevented  any  pillars  being  extracted,  as  had  been 
done  to  a  large  extent  in  the  flatter  portion.  Eventually,  a  weight 
came  on  over  about  9  acres,  and  the  district  was  compelled  to  be 
abandoned. 

The  steam  for  all  the  engines  is  supplied  by  two  30  feet  by  6  feet 
Cornish  boilers.  The  chimney  is  100  feet  high  from  the  pit.  The  water 
is  raised  in  tanks. 

The  dirt  tip  is  about  50  feet  above  the  pit  mouth,  the  tubs  being 
raised  by  a  drum  on  the  pit  winding  engine.      The  screens,  which  are 
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entirely  covered  in,  are  fitted  with  three  returning  tipi)lers,  and  the  main 
coal  passes  over  1  inch  spaces,  the  nuts  over  §  inch. 

The  principal  market  for  the  output  is  Dunedin,  aO  miles  distant,  the 
first  4^  miles  of  this  distance  consists  of  the  company's  private  line,  which 
cost  £2G,000  ;  the  freight  on  the  Government  line  is  5s.  lid.  per  ton,  and 
the  coal  is  sold  retail  in  Dunedin  at  2Gs.  per  ton.  It  is  a  glossy,  black 
fuel,  clean  to  the  touch,  and  having  a  conchoidal  I'racture ;  it  burns  freely, 
forming  a  very  cheerful  fire,  and,  like  that  from  Green  Island,  leaves  a 
bulky  incandescent  ash.  This  is  one  of  its  most  popular  qualities,  for  it 
becomes  a  matter  of  great  ease  to  damp  dow  n  the  household  fire  at  night, 
which  is  a  point  of  some  moment,  where  domestic  assistance  is  neither  the 
best  nor  the  cheapest  in  the  world. 

The  slack  is  exceedingly  prone  to  spontaneous  combustion,  and  a 
small  amount  of  explosive  gas  is  given  off". 

Since  the  year  1879,  the  working  of  the  Kaitangata  mines  has  been 
remarkably  free  i'rom  accidents ;  but  in  that  year  an  e\eut  occurred 
which  even  in  a  great  coal  mining  country  would  have  caused  a  very 
considerable  shock.  Owing  to  the  greatest  want  of  care  on  the  part  of 
the  manager  (who  paid  the  penalty  with  his  life),  and  in  spite  of  warning, 
an  accumulation  of  gas  was  allowed  to  take  place,  naked  lights  were  used, 
and  there  was  only  one  available  outlet.  There  could  be  only  one  result 
— an  explosion  occurred,  which  killed  three  persons,  all  the  rest  of  the 
workmen,  31  in  number,  perished  from  the  after-damp.  It  is  creditable 
to  the  Colony  to  state  that,  in  a  very  few  weeks,  the  sum  of  £16,000  was 
raised  for  the  relief  of  the  widows  and  orphans,  who  have  been  maintained 
out  of  the  interest ;  the  capital  remaining  (like  the  Hartley  accident  fund 
surplus)  for  the  relief  of  future  sufferers. 

The  total  output  from  these  mines,  to  the  end  of  1884,  was  242,103 
tons,  and  the  output  for  that  year,  during  which  110  men  were  employed, 
was  43,821  tons.  The  lease  consists  of  1,1G9  acres,  of  which  69  acres 
are  leased  from  the  Crown. 

In  addition  to  the  Kaitangata  property,  the  company  owns  a  coal- 
bearing  freehold  of  2,200  acres,  about  four  miles  from  the  main  line  of 
railway  and  41  from  Dunedin. 

The  analysis  is  : — 

Fixed  carbon 

Hjdro-carbou 

Water 

Ash  


Evaporative  power  ...         ...         ...         ...         ...  53 


A. 

B. 

42-56 

44-1 7 

36-47 

38-24 

1493 

15-42 

6-04 

217 

100-00 

100-00 
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In  addition  to  the  above,  there  are  near  the  coast  two  small  mines, 
putting  out  together  about  220  tons  per  annum,  and  near  Milton  are 
three  mines  giving  an  annual  yield  of  2.500  tons. 

Adjoining  the  Kaitangata  Railway  and  Coal  Company's  property  is 
the  Kaitangata  Lake  Coal  Company,  on  which  nothing  has  yet  been 
done  towards  development.  A  railway  7|  miles  in  length  will  be 
required  to  tap  the  Government  railway  and  bring  in  coal,  which  appears 
to  be  plentiful  on  the  ground  and  easily  worked. 

SOUTHLAND  COAL-FIELD. 

The  coal-field  of  this  Province  may  be  divided  into  four  areas  (  Uulton, 
Geol.  Rep.,  1871-72,  p.  91),  viz.:— 

1. — The  Hokanui  district. 

2.— The  Mount  Hamilton  district.     (19)  Plate  XXV. 

3.— The  Wairaki  district. 

1.— The  Orepuke  district.  (21)  Plate  XXV. 
The  two  first  contain  seams  of  bituminous  coal,  the  latter  of  pitch 
coal  ;  the  former,  unfortunately,  have  never  furnished  a  scam  sufficiently 
thick  to  be  of  any  value,  and  therefore  they  are  not  of  present  interest. 
The  "Wairaki  district,  on  the  other  hand,  though  containing  coal  of 
inferior  quality,  has  very  large  deposits,  and  only  requires  population  to 
induce  a  considerable  output.  At  present  there  are  two  mines  at  work, 
namely,  the  Nightcaps  Coal  Company,  (20)  Plate  XXV.,  and  the  Wairio 
Mine.  The  former  property  belongs  to  a  private  company,  who  have  in 
reality  three  mines  at  work  ;  firstly,  the  old  dip  drive  in  the  thin  seam, 
which  measures  only  2  feet  4  inches ;  secondly,  a  large  open  work  area, 
where  a  great  quantity  of  coal  has  been  stripped  by  hydraulicing ;  and, 
thirdly,  a  drive  in  the  same  thick  seam,  and  situated  between  the  two. 
The  dip  drive  furnishes  a  very  small  quantity  of  coal,  which  is  raised  by 
a  small  hauling  engine,  with  a  single  6  inch  by  10  inch  cylinder.  To  the 
dip  is  a  shaft  135  feet  deep,  which  is  used  for  pumping  ;  a  water-wheel, 
16  feet  in  diameter,  is  the  motive  power,  and  water  is  Hought  in  a  race 
fiive  miles  long,  from  which  a  supply  is  also  taken  fo.  sluicing  the  open 
work. 

The  screens  are  situated  by  the  side  of  a  private  railway,  and  19  chains 
from  the  mine,  also  at  a  considerable  vertical  height ;  a  small  hauling 
engine  is  therefore  required.  The  coal,  which  is  clean  looking  and  glossy, 
contains  retinite,  and  makes  a  good  engine  and  household  fuel.  The 
field  has  an  area  of  about  21  square  miles,  and  the  Nightcaps  Coal  Com- 
pany work  their  own  freehold.  The  freight  is,  to  Invercargill,  5s.  5d.  per 
ton. 
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The  analysis  gives  : — 

Fixed  carbon     ...         ...         ...         ...         ...         ...  47'81 

Hvdro-carbon 2101. 

Water 29-24 

Ash         1-91 

10000 


The  AVairio  coal  mine  is  on  a  small  scale,  putting  out  about  350  tons 
per  year. 

The  Orepuke  district  comprises  a  small  coal-field  about  18  miles  west 
of  Riverton,  and  connected  therewith  by  a  Government  railway,  and  a 
short  private  branch.  It  has  only  recently  been  opened  up,  and  no  coal  was 
put  out  in  1884.  The  seam,  which  dips  S.S.W.,  is  9  feet  in  thickness, 
and  is  worked  by  a  shaft  measuring  10  feet  6  inches  by  5  feet,  and  202 
feet  in  depth.  No  doubt,  when  population  increases,  this  colliery  will  do 
well,  as  the  coal  like  that  from  the  Nightcaps,  is  fit  only  for  local  consump- 
tion, being  too  bulky  for  shipment. 

In  addition  to  the  coal  is  a  seam  of  bituminous  shale,  of  which  great 

things  are  hoped.     Its  analysis  is  : — 

Fi.Ked  carbon 14"96 

Hydro-carbon   ...         ...          ...         ...         ..■         •..  39'39 

Water 674 

Ash         38-91 


10000 


A. 

B. 

41-21 

41-10 

39-09 

37-20 

11-14 

19-10 

8-56 

2-60 

10000 

100-00 

(Cox,  Trans.  New  Zealand  Inst.,  1882,  p.  368.) 

The  analysis  of  the  coal  is  as  follows  : — 

Fixed  carbon 

Hydro-carbon 

Water 

Ash  


(a  Cox,  Trans.  Neto  Zealand  Inst.,  1882,  p.  368.    B  Button,  Geology  of  Otago,  p.  109.) 

In  the  Southland  district,  as  in  Central  Otago,  are  many  lignite 
deposits,  which  are  of  great  local  value,  but  not  of  sufficient  interest  to 
merit  a  detailed  description. 

At  Preservation  Inlet,  on  the  extreme  south-west  of  the  Middle  Island 
of  New  Zealand,  is  a  small  coal-field,  containing  a  good  variety  of  pitch- 
coal.  Nothing  more  than  prospecting  has  ever  been  done.  (22)  Plate 
XXV. 
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The  analysis  is  : — 
Fixed  carbon 
Hj-di-o- carbon 
Water    ... 
Asb 


42-55 

40-05 

15-20 

2-20 

100-00 


System  of  Working. 
The  almost  universal  system  of  working  is  by  board  and  pillar,  and  in 
the  majority  of  cases  the  pillars  are  left  very  much  too  small,  by  which 
creeps  are  caused.  Longwall  has  been  tried  in  a  few  cases.  At  Colling- 
wood  it  has  always  been  the  mode  ;  but  usually  it  has  been  abandoned  on 
account,  principally,  of  the  very  bad  roofs,  the  intermittent  demand,  and 
want  of  experience  in  that  particular  method.  Through  bad  working 
and  insuflBcient  pillars,  very  large  quantities  of  coal  have  been  lost. 
Owing,  in  a  great  measure,  to  the  small  scale  on  winch  operations  are 
carried  on  in  this  Colony,  it  has  been  unusual  for  that  minute  sub- 
division of  labour  to  be  adopted  which  tends  so  much  to  cheapen  and 
render  perfect  the  system  of  coal-getting  pursued  in  the  old  country. 
Hence,  extra  expense  attendant  upon  skilled  labour  employed  in  hewing, 
filling,  and  trucking,  where,  under  more  favourable  circumstances,  smaller 
wages  would  have  sufficed.  Another  drawback  has  been  the  short  tenure 
on  which  the  small  mines  have  been  held.  The  writer  has  been  informed 
of  one  mine  which  was  leased  by  the  month,  and  in  even  the  best  leases 
there  is  no  provision  made  for  exacting  payment  in  the  case  of  coal  left 
in  the  mine.  The  usual  terms  are  a  minimum  rent  and  a  fixed  royalty 
per  ton  foi'  all  coal  raised ;  no  notice  being  taken  of  coal  lost.  There  is 
generally  the  usual  proviso  for  working  to  the  satisfaction  of  an  inspector 
or  viewer  appointed  by  the  Crown  or  other  lessor,  but  this  is  a  poor 
substitute  for  a  definite  price  per  acre  (or  per  foot  thick  per  acre)  got 
or  spoiled. 

Number  of  Mines. 

There  were  in  New  Zealand,  in  1884,  di  mines  on  the  official  list, 
which  have  been  classified.  (J.  McKerroes,  Secretary  for  Mines,  Report 
on  Control  and  Inspection  of  Mines,  New  Zealand,  1885,  p.  2.) 


Number 
of 

Mines. 

Number  of  Men 

Employed 

in  each  Mine. 

Total  Number 

of  Men 

Employed. 

Output  of 

Coal 
in  Tons. 

Output  in 

Tons 
per  Man. 

64 
7 
8 

15 

1  to     4 

5   „   10 

11  „  20 

21  and  upwards 

123 

50 

117 

993 

26,367 

11,159 

49,737 

393,568 

206 
224 
425 
395 

94 

1,283 

480,831 

375 
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The  t'ollowiiiu'  tabic  gives  the  various  methods  of  working  for  the 
Year  1884  :— 

Worked  by  Shaft— 

Steam-power  used 9 

Horse-power  used  ...         ...         ...         ...         ...         ...         5 

Total  worked  by  shaft  ...         ...         ...         ...       —     14 

Worked  bi/  Adit— 

Engine-planes  ...         ...  ...         ...  ...         ...  9 

Hor.se-power  used  ...         ...  ...         ...  ...         ...  10 

Hand-])ower  used    ...         ...  ...         ...  ...         ...  32 

No  information       ...         ...  ...         ...  ...         ...  3 

Total  worked  by  adit  —     54 

Opencast         ..         ...  ...         ...         ...         ...  ...  26 

94 

From  which  it  will  be  seen  that  the  majority  of  the  mines  are  worked 
without  shafts,  and  that  only  18  mines  altogether  employ  steam-power 
for  raising  the  output. 

Machinery. 

As  will  have  been  observed  in  the  more  detailed  descriptions  of  the 
mines,  there  is  some  machinery  in  use  whicli  is  of  a  really  first-class 
description  ;  on  the  other  hand,  in  some  places  the  appliances  are  of  the 
rudest  possible  kind.  Ventilation  has,  in  few  cases,  received  much  atten- 
tion ;  four  fans  are  erected,  one  driven  by  hand-power  ;  eleven  mines  are 
returned  as  ventilated  by  furnaces,  but  these  are  often  hardly  worthy  of 
the  name,  and  two  are  indebted  to  exhaust  s^eam  for  their  air.  In  many 
cases  the  workings  are,  owing  to  geological  causes,  of  a  very  temporary 
nature,  hence  proprietors  hesitate  before  putting  down  a  ventilating  plant, 
which  may  shortly  become  useless.  Tangye's  "  Special "  pumps  are  the 
usual  favourite,  though  spear-rods  are  not  unknown,  and  pulsometers 
have  been  used.  Some  of  the  hauling  engines  have  been  made,  and  well- 
made,  in  the  colony  ;  the  extreme  delay  which  so  frequently  accompanies 
an  order  to  Europe  deterring  many  owners  from  importing.  Ropes,  of 
course,  are  always  imported,  and  so  far  there  have  been  no  accidents  due 
to  defective  appliances  of  this  nature.  Steel  tubs  are  being  introduced, 
and  Hadfield's  steel  wheels  give  great  satisfaction.  The  same  material  is 
also  used  for  boilers.  Brattice  cloth  has  only  in  one  instance  been  intro- 
duced, the  usual  substitute  being  canvas,  or  even  calico,  both  of  which 


212 


COAL   MINING   IN   NEW   ZEALAND. 


are  expensive,  and  of  comparatively  little  use.  Wooden  head-gear  would 
seem  likely  to  be  niiiversally  employed  where  timber  is  so  plentiful,  but 
the  Westport  Coal  Company  have  purchased  wrought  iron  lattice  head- 
gear for  their  Greymouth  shaft.  Safety  hooks  are  used  in  at  least  two 
cases.     No  safety  cages,  at  least  in  the  colliery  shafts. 

Compressed  air  has  been  introduced  at  only  one  coal  mine,  though  in 
the  quartz  mines  it  is  very  usual.  There  are,  the  writer  regrets  to  state, 
no  hydraulic  pumps  or  hauling  engines,  though,  in  many  cases,  every 
inducement  exists  to  adopt  them. 

Legislation. 

The  mines  of  New  Zealand,  both  metalliferous  and  coal,  are  regulated 
by  "  The  Regulation  of  Mines  Act,  1874,"  which,  bears  some  resemblance 
to  the  Imperial  Act  of  1872,  without,  however,  compelling  the  manager 
to  be  certificated.  This  Act  was  passed  in  the  year  1874,  but  its  enforce- 
ment being  optional  with  the  superintendents  of  the  (late)  Provinces,  it 
was  allowed  to  remain  inoperative.  In  October,  1878,  the  then  Minister 
of  Public  Works  stated  in  Parliament  that  it  should  be  brought  into 
general  use  in  all,  except  one  important  mining  district,  which  was  very 
much  averse  to  it.  {New  Zealand  ^'  IJansard,"  1878,  p.  568.)  Nothing 
was  done  until  the  terrible  explosion  at  Kaitangata,  in  February,  1879, 
aroused  the  Colony  to  the  fact  that  something  must  be  done.  The  existing 
Act  was  therefore  proclaimed,  and  inspectors  were  appointed. 

Accidents. 

Since  the  enforcement  of  the  above-mentioned  Act  to  the  end  of  1884, 
82  persons  have  been  injured  in  and  about  the  coal  mines  of  the  Colony, 
of  whom  1 1  were  killed. 

The  following  table  gives  the  percentage  of  causes  of  accident : — 


No.  of  Persons 

injuied. 

1.  Falls  of  roof  and  sides  ... 

...       51       .. 

2.  Trucks  below 

...       10       .. 

3.  Powder 

5       .. 

4.  Explosions  of  gas 

8       .. 

5.  Shafts     

1 

6.  Sundries  below 

3 

7.           „       above 

1 

8.  Trucks  above     ... 

3 

Per  Cent. 
62-20 
12-20 
6-10 
9-75 
1-22 
3-65 
1-22 
3-66 


82 


100-00 
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Of  tlio  11  killed  the  proportion  is  as  follows  :- 


1.  Falls  of  roof  and  sides  ... 

2.  Trucks  below 

3.  Gas          

Killed. 
9       . 

1 
1 

Per  Cent 
.        81  -82 
909 
909 

11 

10000 

The  total  output  for  this  period  is  2,14-9,270  tons,  and  the  total 
number  of  men  employed  (J, 895,  giving  a  death  rate  of  195,3()1  tons,  and 
626*86  men  employed,  per  life  lost,  or  at  trhe  rate  of  1-705  per  thousand 
tons. 

In  making  these  calculations  no  account  is  taken  of  several  accidents 
which  occurred  in  and  about  mines,  to  persons  who  were  not  coal-getters, 
or  in  any  way  employed.  Tn  this  the  writer  has  followed  the  general 
example  of  11. M.  Inspectors  of  Mines  for  Great  Britain. 

Total  Consumption,  Output,  Imports,  and  Exports. 

The  following  tables  give  the  various  quantities  of  coal  under  the 
above  divisions,  and  in  Fig.  1,  Plate  XXVI.,  a  graphic  representation  is 
given.  It  will  be  observed  that  the  total  consumption  shows  a  steady 
increase,  also  that  ihe  exports  for  1884  show  a  considerable  falling  off. 


Year. 

1877 
1878 
1879 
1880 
1881 
1882 
1883 
1H84 


Table  of  Coal  Outputs. — New  Zealand 

Increase.  Decrease. 


Quantity  in 
tons. 


138,984 
162,218 
231,218 
299,923 
337,262 
378,272 
421,764 
480,831 


23,234 

69,000 
68.705 
37,339 
41,010 
43,492 
59,067 


Percentage 
Increase. 

Percentage 
Decrease. 

16-71 

— 

42-5 

— 

29-7 

— 

12-4 

— 

10-8 

— 

10-5 

— 

14-0 

— 

Table  of  Total  Consumption  of  Coal. — New  Zealand. 


Year. 

1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 


Quantity  in 
tons. 

294,980 

332,445 

382,099 

416,200 

460,598 

503,609 

538,132 

622,921 


Increase. 

37,465 
49,654 
34,101 
44,398 
43,011 
34  523 
84,789 


Decrease. 


Percentage      Percentage 
Increase.  Decrease. 


12-7 

14-09 
8-4 

10-6 
8-5 
6-41 

15-7 


VOL.  XXXV.- 1880. 


c  o 


214 


COAL   MININU   IN   NEW   ZEALAND. 


Table  of  Imports  of  Coal  into  New  Zealand. 


Year. 

1877 

1878 
1879 
1880 
1881 
1882 
1883 
1884 


Quantity  in 
tons. 

155,996 
174,148 
158,076 
123,298 
129,962 
129,582 
123,540 
148,444 


Increase. 


18,152 


6,664 


24,904 


Decrease. 


16,072 
34,778 

380 
6,042 


Percentage. 
Increase. 


11-6 


512 


20-1 


Percentage 
Decrease. 


9-2 

22-0 


0-2 
4-66 


Year. 
1878 
1879 
1880 
1881 
1882 
1883 
1884 


Table  of  Exports  of  Coal  from  New  Zealand. 


Quantity 
in  tons. 


3,921 
7,195 
7,021 
6,626 
4,245 
7,172 
6,354 


Increase. 

Decrease. 

Percentage 
Increase. 

Percentage 
Decrease. 

3,274       . 

— 

..       83-5 

— 

— 

174      . 

— 

24 

— 

395      . 

— 

5-6 

— 

..     2,381 

— 

..       35-9 

2,927 

— 

..       68-9 

— 

— 

..       818       . 

— 

..       11-4 

The  following  table  gives  the  percentage  proportion  of  imported  coal, 
total  consumption,  and  indicates  how  the  use  of  imported  coal  is  decreas- 
ing, notwithstanding  all  the  advantages  possessed  by  the  trade. 

Table  of  Proportion  of  Imported  Coal  to  ToTiL  Consumption. — New 
Zealand.    (Fig.  3,  Plate  XXVI.) 


Year. 

1878 

Percentage  Imported 
Coal  of  Total  Con- 
sumption, 

52-3 

1879 

41-4 

1880 

29-6 

1881 

28-21 

1882 

25-7 

1883 

22-9 

1884 

23-8 

The  following  tables  give  the  output  of  coal  and  percentage  increase 
or  decrease  for  each  Island  : — 

OiTTPTTT  OF  Coal. — North  Island,  New  Zealand. 

Decrease. 


5,611 


Year. 

Output  in 
tons. 

Increase. 

1878 

58,900 

— 

1879 

..       75,070 

..      16.170 

1880 

..       96,345 

..      21,275 

1881 

90,734 

— 

1882 

96,151 

5,417 

1883 

..       92,762 

— 

1884 

. .     103,903 

..       11,241 

Percentage 
Increase. 

Percentage 
Decrease. 

.     27-4 

— 

.     28-3      . 

— 

3,389 


5-9 


10-81 


6-18 


3-5 
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Output  of  Coal. — South  Island,  New  Zealand. 


Year. 

Output  iu 
tons. 

lucrease. 

1878 

..     103,318 

— 

1879 

..     156,148 

..       52,830 

1880 

..     203,248 

..       47,100 

1881 

..     246,529 

..      43,281 

1882 

..     282,121 

35,592 

1883 

..     329,002 

..      46,881 

1884 

..     376,828 

..      48,826 

Decrease. 


Percentage 
Increase. 


511 

30-1 

21-2 

14-4 

1307 

14-8 


Percentage 
Decrease. 


and  the  followino-  table  indicates  more  clearly  how  the  ratio  of  increase  in 
the  South  Island,  where  the  true  coal  exists,  exceeds  that  in  the  North, 
where  there  is  only  brown  coal : — 

Table  Showing  Percentage  of  Total  Output  of  Coal  Contributed  by  the 
North  Island.— New  Zealand.    (Fig.  2,  Plate  XXVI.) 

Year. 

1878 


1879 
1880 
1881 
1882 
1883 
1884 


Percentage  Contributed 
by  North  Island. 

36-3 


32-46 

231 

26-9 

25-4 

17-2 

21-6 


Railway  Rates  and  Means  of  Communication  and  Teansport. 

In  the  year  1884  there  were  1,477  miles  of  railway  open  for  traffic, 
having  cost  £11,810,194,  and,  in  addition,  £1,046,438  spent  on  rail- 
ways not  yet  opened.  The  lines  are  constructed  on  the  3  ft.  6  in.  gauge, 
and  originally  with  light  iron  rails.     The  freights  are  as  follows: — 


MILES. 


lto3. 
s.     d. 

4  to  8. 
s.     d. 

10. 
s.     d. 

20. 
s.    d. 

30. 
s.    d. 

50. 
8.     d. 

100. 
s.     d. 

150. 
s.     d. 

2    6  . 

.26. 

.30. 

.38. 

5     0  ... 

7     8   . 

.   10  2   . 

.    11   10 

2    6  . 

.36. 

.36. 

.  4  10   . 

.6     6.. 

9  10  . 

.  13  0  . 

.   15     1 

Native  coal    .. 
Imported  coal 

and  for  every  mile  over  158,  fd.  added  for  native  or  imported. 

Benefit  Societies,  Strikes,  Condition  of  the  Miners,  etc. 

At  almost  all  the  collieries  of  any  importance  benefit  clubs  exist,  where 
members  obtain  assistance  in  illness  or  accident,  as  well  as  co-operative 
societies,  where  they  obtain  stores  at  a  moderate  rate.  In  several 
localities  are  good  reading  rooms  and  libraries,  in  others  fishing  and 
shooting  are  indulged  iu.  Notwithstanding  these  advantages^  and  the 
high  wages  earned,  the  writer  thinks  that  the  lot  of  the  miners  in  the  old 
country  compares,  when  trade  is  moderately  good,  lavourably  with  that 
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of  their  brethren  in  this  Colony.  The  general  class  of  house  is  not 
good,  many  men  living  in  tents  or  sod  huts  for  considerable  periods. 
Work  is  very  irregular  ;  on  the  West  Coast,  where  the  harbours  are 
sometimes  shut  for  many  days,  the  miners'  time  is  very  broken. 

Unfortunately,  strikes  are  not  unknown  in  New  Zealand,  and,  although 
usually  they  are  short  lived,  yet,  in  one  instance,  a  dispute  of  this  nature 
lasted  for  seven  months,  and  culminated  in  scenes  of  violence,  which 
everybody  will  regret  to  see  introduced  into  a  new  country. 

Geneeal  Remarks. 

In  looking  at  the  quantities  of  coal  in  New  Zealand,  it  will  be 
observed  that  they  are,  comparatively  speaking,  small ;  also  that  the  fields 
are  much  broken,  having  partaken  in  the  geological  disturbances  of  the 
country  to  some  extent.  But  what  strikes  anyone  accustomed  to  the 
English  coal-fields  is  the  inconstancy  and  unreliability  of  the  deposits. 
In  addition  to  the  ordinary  dislocations,  the  seams  vary  in  thickness  and 
in  quality,  so  much  and  so  capriciously,  as  to  seriously  retard  the  ordinary 
operations  of  mining.  The  high  price  of  labour,  and  the  variable  demand 
— which  is  not  dependent,  as  in  older  countries,  on  extensive  manufac- 
tures— are  also  inimical  to  success.  Thus  it  is,  that  although  carried  on 
for  a  good  many  years,  coal-mining  has  not  so  far  become  an  attractive 
investment  for  New  Zealand  colonists.  There  are,  certainly,  instances  of 
successful  working  and  large  profits,  but  these  are,  unfortunately,  very 
few,  in  comparison  with  those  cases  where  hope  deferred  has  rendered 
the  heart  of  the  investor  sick  ;  and,  in  the  past,  many  and  disastrous 
failures  have  been  chronicled  in  the  history  of  the  coal  industry  of  the 
Colony.  One  great  cause  of  this  want  of  success  is  the  keen  competition 
maintained  by  the  collieries  of  Newcastle,  New  South  Wales,  which  has 
been  already  referred  to.  Until  the  ports  of  the  West  Coast  are  much 
improved,  there  can  be  no  hope  of  driving  the  foreign  article  from  these 
markets. 

Before  concluding  this  paper  the  writer  desires  to  thank  all  the  coal- 
owners  and  colliery  managers  who  have  assisted  him  with  information 
and  suggestions ;  to  mention  names  would  be  to  give  a  list  of  nearly  all  of 
the  colliery  men  in  the  Colony. 

Conclusion. 

The  writer  is  aware  that  in  a  paper  of  this  nature,  dealing  somewhat 
in  detail  with  a  large  area,  there  must  be  some  mistakes  and  many 
imperfections  ;  he  can  only  regret  the  former,  and  claim  the  generous 
indulgence  of  Home  engineei'S  for  the  latter. 
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LIST  OF  PIIOTOGUAPIIS   ACCOMPANYING    PAPER    ON 

NEW  ZEALAND." 


COAL  IN 


A. — WestporL  Coal  Co.'s  Works,  upper  inclltie  and  middle  break,  in 
course  of  construction. 
-Wcstport,  from  the  Buller  River. 

„         coal  staiths. 
■Westport  Coal  Co.'s  works,  foot  of  upper  incline. 

„  „  •  private  line,  incline  in  distance. 

„  „  summit  of  upper  incline  looking  sea- 

wards (South  West). 
„  „  Conn's  Creek  bridge,  lower  incline. 

„  „  viaduct  and  entrance  to  mine. 

„  „  surface  endless  chain. 

„  „  upper    incline,    truck    on   point   ot 

departure. 
„  „  Conn's  Creek  bridge,  lower  incline. 

Brunner  Bridge,  from  north  side  of  river. 
Westport  Coal  Co.'s  new  works  at  Greymouth. 


B. 
C- 
D.- 
E.- 
F.- 

G.- 

H.- 

I. 

K.- 

L.- 
M.- 

N.- 
0.- 
P.- 

Q.- 

R.- 


-  Walton  Park  Colliery,  Green  Island. 
-Nightcaps  Coal  Co.'s  Works,  Southland. 


LIST  OF  SPECIMENS  ACCOMPANYING  PAPER. 
Coal. — Shag   Point   Colliery,  Main  Seam. 


5J                                           1 
!5                                           1 

,      Lower  Seam, 

Koranui                 , 

Coal-pit  Heath      , 

Earnscleugh           , 

,      Interior  Otago. 

Hartley                  , 

,      Canterbury  (altered  coal) 

Jl                                               5 

,               „          (brown  coal). 

Brockley                , 

5                              » 

Springfield             , 

'                              '5 

Real  Mackay         , 

,      Clutha  Coal-field. 

Kaitangata             , 

'                     '> 

Reefton  Coal-field. 

Mount  Hamilton,  ( 

Dtago. 

;i8 
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Walton   Park   Colliery, 

Green  Island, 

Ngapara 

)) 

Oamaru. 

Wharekiiri 

5) 

» 

West  Wanganui 

5» 

Clyde 

J5 

Interior  Otago 

Ida  Valley 

» 

)» 

Taupiri 

39 

Waikato. 

Acheron 

5) 

Canterbury. 

Homebush 

5) 

55 

Alexandra 

?) 

Interior  Otago 

Collingwood 

55 

Mokihinui 

55 

West  Coast,  Soi 

Picton  Coal-field. 

Brunner  Colliery,  Greymouth. 

Benhar         „ 

Otago. 

Orepuki       „ 

Southland. 

Firebriclcs. — Springfield 

(ganni 

Lster). 

Greymoath. 

Fire-clay. — Greymouth. 

Coke. — Brunner,  Greymouth. 

Oilshale. — Orepuld . 

Retinite. — Pukerau. 

Fossil-tvood,  from  lignite 

beds.- 

— Mataura. 

Auriferous  quartz. 

GOLD-MINING  IN  NEW  ZEALAND.— PHOTOGRAPHS  PRESENTED  BY 

G.  J.  BINNS,  F.G.S. 

Q. — Hydraulicing,  Westland,  New  Zealand. 

R  and  T. — Pluming  on  water-races  at  Kumara,  New  Zealand. 

S. — Battery  house  and  Wheel,  Reefton,  New  Zealand. 


Professor  Lebour,  with  regard  to  the  geological  features  of  New 
Zealand,  said  that,  in  New  Zealand  there  was  a  large  series  containing  no 
less  than  nine  sub-divisions,  each  consisting  of  well-defined  formations, 
and  they  were  obliged  to  coin  the  name  "  Cretacco-I'ertiary"  for  the 
whole,  because  the  beds  have  the  charactcii.stics  of  the  Tertiary  series, 
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and  also  of  the  Upper  Cretaceous,  for  there  was  there  no  hard  and  fast  line 
to  be  drawn  between  the  Cretaceous  rocks  and  the  Tertiary  rocks.  The 
point  in  regard  to  the  presence  of  the  coals  in  che  Cretaceous  series  was 
that  they  invariably  occurred  at  the  base  of  marine  deposits.  One  could 
not  help  remarking,  on  hearing  this,  that,  although  New  Zealand  was 
about  as  far  as  could  be  from  here,  being  riglit  at  the  antipodes,  yet, 
nevertheless,  there  was  an  extraordinary  similarity  in  the  way  the  coals, 
although  of  different  ages,  had  been  deposited  in  England  and  New  Zea- 
land. He  could  not  help  comparing  these  occurrences  of  coal  immediately 
beneath  the  marine  deposits  in  New  Zealand  with  the  deposits  of 
coal  which  occurred  in  England,  which  were  below,  or  nearly  always 
below,  estuarine  deposits.  The  shells  which  were  found  in  the 
estuarine  deposits  represented  a  condition  of  brackish  water  at  the 
mouths  of  some  very  large  rivers.  If  that  be  so,  the  surfaces,  both 
in  New  Zealand  in  the  Cretaceous  times,  and  in  England  in  the  Coal- 
measure  times,  were  probably  preserved  by  an  almost  immediate  sinking 
of  the  land  area  under  the  sea  water.  He  used  the  word  "  imme- 
diate" in  its  proper  sense,  and  not  in  the  ordinary  sense.  The  character 
of  the  coal  needed  little  description  on  his  part.  By  the  samples  sent 
over  they  would  at  once  see  the  great  difference  which  existed  between 
what  was  called  bituminous  and  anhydrous  coal,  which  was  found  in  the 
Cretaceous  series,  and  the  very  pitchy  coal  found  in  other  seams.  There 
were  also  a  few  specimens  of  fire-clays  and  gannister  found  in  the  district. 
He  would  especially  call  attention  to  the  peat  coal,  resembling  very  much 
the  turbite  of  Brazil,  and  the  similar  substance  used  ibr  fuel  in  Iceland, 
— just  peat  bogs  dried  up,  but  peat  more  consolidated  than  is  found 
in  England.  He  concluded  by  proposing  a  vote  of  thanks  to  Mr.  Binns 
for  his  excellent  paper,  and  he  did  so  with  the  more  pleasure  because 
Mr,  Binns  was  one  of  his  old  students,  and  one  of  the  best  geological 
students  they  ever  had  in  the  College  of  Science.  Mr.  Binns'  suc- 
cess in  a  new  country  could  not  fail  to  be  a  pleasure  to  them  all, 
and  a  credit  to  the  College  of  Science. 

The  Peesident  seconded  the  vote  of  thanks,  and  said  they  were 
extremely  indebted  to  Mr.  Binns  for  such  a  valuable  paper  upon  a  subject 
of  which  much  was  comparatively  new,  and  which  brought  the  subject  up 
to  the  present  date.  It  was  very  gratifying  to  know  that  Mr.  Binns,  who 
occupied  such  a  prominent  official  position  as  that  of  Inspector  of  Mines 
in  New  Zealand,  had  received  his  education  at  the  College  of  Science  in 
Newcastle.  He  might  also  venture  to  say  how  very  much  they  were 
indebted  to  Professor  Lebour,  not  only  for  the  remai'ks  he  had  made  that 
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day,  but  for  his  attendance  on  all  other  occasions.  The  value  of  the 
discussions  were  greatly  enhanced  when  the  Professors  of  the  College  of 
Science  were  good  enough  to  take  part  in  them. 

Mr.  George  Baker  Forster  said,  he  had  much  pleasure  in  support- 
ing the  vote  of  thanks.  He  thought  Mr.  Binns'  paper  an  extremely 
interesting  one,  and  it  was  rendered  more  interesting  by  the  fact 
that  the  author  was  originally  one  of  themselves. 

The  motion  was  agreed  to,  and  the  meeting  concluded. 
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PROCEEDINGS. 


AXNUAL  GKXKHAL  \IEKTIX(},  SATUKDAY,  AUGUST  7Tn,  188(5,  IN  THK 
WOOD  MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


JOHN   DAGLISH,  Esq.,  President,  in  the  Chaib. 


The  Secretary  read  the  minutes  of  the  last  meeting  and  reported 
the  proceedings  of  the  Council. 

The  Secretary  read  the  Annual  Report  of  the  Council. 

The  President  appointed  Messrs.  A.  Potter,  H.  Bramwell,  F.  Gosman, 
and  W.  E,  Nicholson  to  act  as  scrutineers  for  the  election  of  officers  for 
the  ensuing  year. 

The  following  gentlemen  were  elected,  having  been  previously 
nominated : — 

Oedinaet  Member — 

Mr.  George  J.  Binns,   F.G.S.,  Government    Inspector   of   Minos,  Dnnodin 
New  Zealand. 

The  following  gentlemen  were  nominated  for  election  :  — 

Associate  Mejibees — 

Mr.  F.  B.  Dtt  Pre,  1.3,  Old  Elvet,  Dnrliani. 

Mr.  William  Nichol,  Boldon  Colliery,  Neweastle-on-Tyne. 

Mr.  J.  McKiNLESs,  1,  Gore  Street,  Grcenheys,  Manchester. 

Student — 
Mr.  Westgaeth  Brown,  Marsden  Colliery,  South  Shields. 


The  President  delivered  the  following  Address : 
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PRESIDENT'S   ADDRESS. 

Gextlemen, — I  have  to  express  my  I'cgrct  at  having  so  long  delayed 
the  usual  Presidential  Address;  but  about  the  time  that  I  proposed  to 
deliver  it  last  year  there  seemed  to  be  a  probability  that  an  Exhibition  of 
mining  appliances  would  be  held  this  year  in  Newcastle,  and  such  an 
Exhibition  would  have  afforded  much  interesting  matter  for  an  address. 
As  the  Exhibition  has,  however,  been  now  deferred  until  next  year,  I  pro- 
pose, for  a  short  time,  to  di-aw  your  attention  to  the  recent  improvements 
and  appliances  connected  with  Mining  and  Mechanical  Engineering, 
especially  those  which  have  been  the  subject  of  papers  published  in  the 
Transactions  of  this  Institute  during  the  past  three  years,  and  those  which 
no  doubt  will  be  represented  in  the  Newcastle  Industrial  Exhibition  of 
1887. 

Geology. — On  the  subject  of  geology,  which  is  of  primary  importance 
in  mining,  the  following  papers  have  been  published  in  your  Transactions, 
during  the  past  three  years,  on  foreign  Mining,  viz. : — 

"On  the  Bilbao  Iron  Ore  District,"  by  B.  J.  Forrest. 
"On  the  Gold-fields  of  Nova  Scotia,"  by  Edwin  Gilpin,  Jun. 
"  On  the  Coal-fields  in  North  Formosa,"  by  David  Tyzack. 
"  On  the  Manganese  Deposits  of  San  Pietro,"  by  E.  Halse. 
"On  Transylvanian  Gold  Mining,"  by  E.  H.  Liveiug. 

Together  with  several  other  interesting  geological  papers,  chiefly  relating 
to  the  coal  and  iron  fields  in  England,  especially  several  by  Mr.  Kendall. 

Several  of  these  papers  are  specially  valuable  and  interesting  as  dealit)g 
with  deposits  in  different  parts  of  the  world,  of  which  little,  if  any,  pre- 
vious information  has  been  published ;  and,  as  the  writers  are  practical 
mining  engineers,  such  papers  have  great  economic  value. 

I  will  only  further  mention,  on  this  subject,  the  discovery  and  rapid 
development  of  petroleum  at  Baku,  on  the  western  shore  of  the  Caspian 
Sea,  from  wells  in  limestone  of  the  Miocene  period.  At  the  great  well  at 
Baku,  when  first  pierced,  the  oil  rose  over  300  feet  high  out  of  a  tube  10 
inches  in  diameter.  In  18G5,  the  production  of  crude  oil  in  this  district 
from  wells  not  exceeding  50  feet  deep  was  only  8,900  tons,  but  twenty 
years  after,  at  the  end  of  188-1,  600  bore-holes  were  in  operation,  the 
deepest  being  714  feet,  and  the  production  was  1^  million  tons. 
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It  may  be  interesting  to  compare  with  this  the  production  of  petroleum 
in  the  United  States,  which  has  been  as  follows : — 

1859     759  tons. 

1869     2,999,732   „ 

1885     3.278,571   „ 

This  latter  quantity,  however,  is  less  than  the  production  in  1882, 
which  was  the  maximum. 

Endeavours  are  being  made  to  introduce  this  material  as  fuel  for  the 
use  of  engines,  especially  for  steam  ships,  and  although  this  probably  may 
be  in  some  places  an  economy,  especially  where  coal  is  not  found  on  the 
spot,  it  is  to  be  hoped  that  the  British  Government  will  not  spend  funds 
(as  has  been  reported)  in  experiments  for  the  purpose  of  introducing  a  raw^ 
material  from  other  countries  to  supplant  that  produced  by  our  own 
country ;  and  that  it  will  be  left  for  the  governments  of  these  other  coun- 
tries, who  will  receive  the  benefit,  to  expend  their  national  funds  for  such 
a  purpose. 

Boring. — The  first  operation  in  mining  is  that  of  boring  in  search  of 
minerals.  I  am  not  aware  that  any  new  inventions  in  this  branch  have 
been  introduced  recently,  but  the  use  of  the  diamond  drill  has  been  greatly 
extended. 

In  the  neighbourhood  of  Middlesbro'  a  large  number  of  bore-holes 
have  been  recently  completed,  chiefly  by  the  diamond  drill,  for  the  purpose 
of  working  the  great  salt  beds  which  were  discovered  there  in  1859. 
Tliis  deposit  was  described  for  the  first  time  in  a  valuable  paper  by  Mr. 
Joliu  Marley,  in  Volume  XIII.  of  your  Transactions;  and  a  new  and  most 
important  industry  is  rapidly  developing.  There  are  now  fourteen  bore- 
holes completed  by  four  distinct  companies ;  the  depth  of  the  overlying 
strata  varying  from  1,000  feet  at  Haverton  Hill  (Haverton  Hill  Salt 
Company)  to  1,500  feet  at  Eston  (Messrs.  Bolckow,  Vaughan,  &  Company). 

The  general  system  in  operation,  up  to  this  date,  at  all  of  these  salt 
works,  is  that  of  placing  in  the  bore-hole  (which  is  cased  throughout  with 
iron  tubing)  an  inner  iron  tube.  A  stream  of  fresh  water  is  passed  down- 
wards between  the  tube  and  casing,  which  flows  into  the  salt  bed  through 
apertures  in  the  outer  casing.  It  there  becomes  saturated  with  salt  from 
the  salt  bed,  and  the  brine  rises  up  the  centre  tube  to  a  distance  of  200 
feet  below  the  surface,  the  height  of  the  inner  column  of  brine  counter- 
poising the  outer  column  of  fresh  water.  The  brine  is  then  pumped  up 
to  the  surface  from  this  depth  to  large  reservoirs,  and  is  conveyed  thence 
by  pipes  to  the  pans  where  the  water  is  evaporated.  The  practical  yield 
of  each  of  these  brine  wells,  when  in  proper  working  order,  may  be  taken 
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at  800  tons  of  salt  per  well  per  week;  the  totiil  output  of  tlic  district  at 
present  is  from  2,ti00  to  3,000  tons  per  week. 

Considerable  difficulty  has,  however,  been  met  with  in  carrying  on 
these  brine  wells,  from  the  fact  of  the  falling  in  of  the  marls  overlying  the 
salt  bed,  which  block  up  and  sometimes  break  the  lower  portion  of  the 
tubes.  Three  wells  out  of  fourteen  have  already  been  damaged  from  this 
cause.  Negotiations  are  now  in  progress  to  introduce  the  system  of 
boring  in  operation  in  the  petroleum  district  in  the  United  States,  and  it 
is  anticipated  that  a  very  considerable  economy  in  the  first  cost  of  the 
bore-holes  will  be  effected.* 

One  of  the  deepest  bore-holes  yet  executed  in  this  district  was  that  at 
St.  Bees,  in  Cumberland,  for  the  Earl  of  Lonsdale,  under  the  direction  of 
the  late  T.  E.  Forster,  president  of  your  Institute  in  ISGG,  which  success- 
fully proved  the  "Main  Band"  Coal  S'cam  at  a  depth  of  1,438  feet,  after 
passing  through  a  thickness  of  810  feet  of  new  red  sandstone  and  315  feet 
of  gypsum  deposits,  the  magnesiau  limestone  being  only  slightly,  if  at  all, 
represented. 

The  bore-hole  at  Widdrington,  in  Northumberland,  completed  to  a 
depth  of  1,5G1  feet  by  the  diamond  drill,  was  entirely  in  the  coal-measure 
strata. 

The  deepest  bore-hole  in  the  world,  until  recently,  was  that  at  Schlade- 
bach,  near  Leipzig,  the  depth  being  4,515  feet.  The  Schladebach  hole 
was  bore  1  by  the  Prussian  Government  with  the  diamond  drill  in  search 


*  Since  delivering  this  address  the  American  boring  system  lias  been  introduced, 
and  has  proved  exceedingly  satisfactory,  and  the  progress  has  been  remarkably  rapid. 
An  avci-age  rate  of  progress  of  63  feet  per  day  has  been  attained,  with  a  maximum  of 
5  feet  per  hour,  viz. : — 


Date. 

Drillecl. 

Depth. 

Strata. 

Feet. 

Feet. 

August     26  and  27 

150 

150 

Clay,  Gravel. 

.,           28 

70 

220 

Red  Sandstone. 

30        . . 

60 

280 

M                         Tl 

31 

70 

350 

1  •                         tt 

September  1 

100 

450 

M                         !» 

2 

100 

550 

Sandstone  and  Marls. 

3 

70 

620 

1.              » 

4 

30 

650 

*)              tl 

6 

40 

690 

M                             11 

7 

55 

745 

1  t                            l> 

8 

45 

790 

9 

60 

850 

)*                             11 

10 

35 

885 

11 
13 
14 

35 

40 

fl60 
1,000 

Sandstone  Marls  and  Gypsum. 

40 

>»              11                tl 

15 

45 

1,045 

tl              It                 II 

16 

25 

1,070 

Gypsum. 

17 

60 

1,130 

Marl  and  Salt. 

18 

25 

1,1,55 

Salt, 

20 

35 

1,180 

,, 

21 

15 

1,11)5 

,, 

22 

15 

1,210 

Salt,  Whitestone,  and  Gypsum. 

The  well  was  completed  and  ready  for  tubing  on  September  23rd.     Arrangements 
have  no\v  been  made  to  bore  at  once  seven  more  \\ells  upon  this  method. 


226  president's  address. 

for  coal.  The  temperature  of  the  bottom  of  the  bore-hole  is  stated  to  have 
been  48°  centigrade,  or  118°  F.  It  is  stated,  however,  that  there  is  now 
a  bore-hole  in  Pennsylvania  which  has  reached  over  6,000  feet  in  depth. 

The  deepest  shaft  in  England  is  that  of  Ashton  Moss  Colliery,  in  Lan- 
cashire, 2,880  feet ;  and  elsewhere,  that  of  the  Adalbert  Lead  Mine,  at 
Prizibriam,  3,672  feet.  The  depth  of  the  celebrated  consolidated  Virginia 
Mine  is  3,100  feet,  and  here  the  temperature  was  found  to  be  115°  F.,  so 
that  the  workmen  could  only  work  for  twenty  minutes  at  a  time,  and  then 
returned  to  a  chamber  filled  with  ice,  thus  working  2|  hours  out  of  8. 
This  seems,  therefore,  to  approach  the  limit  at  which  any  mine  can  be 
worked.  The  Virginia  Mine,  however,  yielded  over  12  million  pounds 
sterling  worth  of  gold  and  silver  in  six  years. 

Shaft  Sinking. — The  next  important  operation  in  mining  is  that  of 
shaft  sinking ;  the  chief  object  of  improved  systems  being  to  facilitate  the 
sinking  through  large  beds  of  water-bearing  strata,  especially  in  soft 
running  sand. 

The  only  sinkings  which  have  been  completed  in  England  by  the 
Chaudron  process  are  those  at  Cannock  (Huntington),  and  at  Marsden, 
in  Durham.  The  latter  was  fully  described  in  a  paper  read  by  the  writer 
before  the  Institution  of  Civil  Engineers,  and  published  in  their  Trans- 
actions (Volume  LXXL,  Part  1,  1882-83.)  No  account  of  the  former 
sinking  has  yet  been  published.  The  most  recent  examples  of  this 
process  abroad  are  the  completion  of  the  two  pits  at  Ghlin,  near  Mons, 
finished  in  1885.  Great  difficulty  was  met  with  in  this  undertaking, 
not  only  from  the  occurrence  of  solid  beds  of  flint  30  feet  in  thickness, 
but  also  a  bed  of  running  sand  115  feet  thick,  at  a  depth  of  924  feet. 
The  total  depth  is  1,072  feet,  tubbed  off,  which  is  the  greatest  depth 
to  which  tubbing  has  been  taken.  A  short  description  of  the  sinking  of 
these  shafts  will  be  found  in  the  above-mentioned  memoir  (Institute 
Civil  Engineers,  Volume  LXXL)  At  that  time,  however,  these  pits 
had  not  been  completed.  Other  recent  examples  of  this  process  are — a 
pit  at  Maurage,  in  Belgium,  924  feet  deep  ;  and  two  pits  at  Dortmund, 
in  Germany,  808  feet  deep.  These  latter  present  the  novelty  of  having 
been  "bored  out"  and  "tubbed  off"  in  the  usual  manner  by  the  Kind 
and  Chaudron  process  to  a  depth  of  264  feet,  then  sunk  and  walled  in 
the  ordinary  way  231  feet  further,  through  solid  chalk  without  water; 
and  then  the  Chaudron  process  again  introduced,  and  the  pits  sunk  and 
tubbed  off  to  a  further  depth  of  316  feet;  the  whole  of  which  was 
successfully  accomplished. 

A  new  process  of  sinking  (System  Poetsch)  has  been  recently  intro- 
duced  abroad,  apparently  with  some  success,   viz.,    that    of  artificially 
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freezing  the  whole  of  the  soft  strata,  and  sinking  through  it  wliilst  in 
this  indurated  condition.  This  system  seems  to  have  been  also  success- 
fully used  in  driving  a  tunnel  throue-h  soft  strata  at  Stockholm. 

Several  shafts  have  been  recently  sunk  in  South  Wales  of  very  large 

diameter,  and  of  great  depth,  with  remarkable  rapidity.     The  particulars 

of  the  sinking  of  the  Ynysybul  Pit  for  the  Ocean  Company  (which  Mr. 

Beith,  the  coutnictor,  has  kindly  furnished)  will  doubtless  be  of  interest 

to  the  members  of  this  Institute. — No.  1  Pit.     19  feet  diameter.     Begun 

June  16th,  1884;  completed  to  the  "Nine-feet  Seam,"  a  depth  of  GUI 

yards,  on  November  12th,  1885.     Time,  7;H  weeks,  at  an  average  rate 

of  8^  yards  per  week,  including  walling  the  full  depth. — No.  2  Pit.     17 

feet  diameter.     Begun  October  13th,  188  4 ;  completed  to  "Yard  Seam," 

620  yards,  on  June  23rd,  1886.     Time,  67  weeks.     Average  rate,  9^ 

yards  per  week,  including  walling  the  full  depth.     The  maximum  depth 

sunk  in  any  one  week  of  six  days  was  18^  yards,  without  walling,  in  the 

No.  2  Pit.     On  several  occasions  25  yards  were  completed  in  a  furtnight, 

including  walling.     Some  of  the  stone  sunk   through  was   exceedingly 

hard  (Penant  Rock).     All  water   met  with  (which  did  not  exceed  40 

gallons  per  minute  in  the  two  pits)  was  raised  in  the  sinking  tubs.     All 

the  blasting  was  done  by  dynamite,  in  ^  lb,  charges  (1  lb.  sump  shot), 

and  about  30  to  40  lbs.  were  used  per  yard  sunk  on  an  average.     The 

shots  were   fired   by   fuse,  ignited  by   red   hot   wire.     The   shot-holes 

were  drilled  by  hand  in  No.  1  Pit;  and  chiefly  by  Beaumont's  percussion 

drill  in  No.  2  Pit.     Twenty-three  sinkers  and  one  chargeman  were  in  the 

pit  at  once.      The  stones  were  raised  by  single  tubs.     Time  in  raising 

from  000  yards,  00  seconds,  and  in  lowering,  35  seconds. 

An  interesting  sinking  is  at  present  being  proceeded  with  at 
Wombwell  Colliery,  near  Barnsley,  from  the  Barnsley  Seam  (which  is 
there  at  a  depth  of  224  yards  from  the  surface)  down  to  the  Silkstone 
Seam,  a  further  depth  of  400  yards.  This  sinking  being  several  miles 
from  any  previous  winning  of  the  Silkstone  Seam,  will  prove  many  miles 
of  coal-field.* 

Tunnellinrj. — Closely  connected  with  shaft  sinking  is  the  driving  of 
drifts  or  tunnels.  Several  large  works  of  this  character  have  "been 
recently  successfully  completed,  viz. : — 

That  connecting  Liverpool  and  Birkenhead  beneath  the  Mersey;  the 
width  of  the  river  here  being  1,320  yards,  and  the  distance  driven  being 
one  mile  from  shaft  to  shaft ;  the  least  cover  overlying  the  tunnel  being 

*  Since  writing  the  above,  the  Silkstone  Seam  has  been  i)roved  at  a  depth  of  360 
yards  below  the  Barnsley  Seam. 
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30  feet  belo^w  the  bed  of  the  river,  and  the  depth  of  water  overhead  at 
high  tide  being  100  feet.  The  principal  difficulty  met  with  iu  this 
undertaking  was  the  considerable  quantity  of  water  which  had  to  be 
pumped.  The  capacity  of  the  pumping  appliances  was  18,800  gallons 
per  minute,  and  the  qdantity  of  water  to  be  dealt  with  permanently  is 
from  7,000  to  8,000  gallons  per  minute,  the  depth  of  the  shaft  being  170 
feet.  The  Beaumont  boring  machine  was  extensively  used,  boring  out  a 
circle  7  feet  diameter.  The  maximum  speed  attained  was  G5  yards  per 
week,  as  compared  with  13  yards  by  hand,  with  an  area  of  9  feet  by 
8  feet.  The  works  were  commenced  in  May,  1881,  and  completed  in 
January,  1886. 

The  Severn  Tunnel  underneath  the  estuary  of  the  Severn  has  also 
been  recently  completed  by  the  Great  "Western  Railway  Company  for  the 
passage  of  their  trains.  The  Severn  is  here  2^  miles  wide.  The  works 
were  begun  in  March,  1878,  and  completed  in  December,  1885.  The 
total  length  of  the  tunnel  is  7,064  yards  (4^  miles)  with  a  minimum 
cover  of  30  feet  below  the  bed  of  the  river,  which  is  here  55  feet  deep  at 
low  water,  with  a  rise  of  tide  40  feet.  Much  difficulty  was  also  encounter- 
ed here  from  the  influx  of  water,  and  interesting  accounts  have  been 
published  of  the  measures  used  to  overcome  this.  The  total  pumping 
power  on  both  sides  of  the  river  reached  46,074  gallons  per  minute,  the 
actual  quantity  pumped  at  the  Sudbrook  station  alone  being  19,000 
gallons  per  minute,  out  of  an  available  power  equal  to  nearly  27,000 
gallons  per  minute,  the  depth  of  the  shaft  being  226  feet. 

The  proposed  Sound  Tunnel,  between  Denmark  and  Sweden,  is  an 
undertaking  exceeding  the  Severn  Tunnel  in  magnitude,  and  approaching 
in  character  to  the  Channel  Tunnel  Scheme.  The  rock  to  be  pierced  is 
chalk  with  flint,  and  it  is  estimated  that  the  work  can  be  accomplished 
in  three  years. 

Probably  the  most  difficult  undertaking  of  this  kind  has  been  the 
tunnel  below  the  Hudson  River,  at  New  York,  the  width  being  here 
5,500  yards,  and  the  thickness  of  cover  below  the  bed  of  the  river  being 
only  in  some  places  20  feet.  The  work  has,  therefore,  been  carried  out 
by  a  system  of  working  under  compressed  air.  It  was  commenced  in 
1879. 

The  Arlberg  Tunnel  through  the  Alps,  Avhich  has  also  been  lately 
completed,  is  the  most  recent  of  the  great  Alpine  tunnels.  It  was  com- 
menced in  June,  1880,  and  completed  in  August,  1884,  the  length  being 
G^  miles. 

The  following  table  of  the  comparative  lengths  of  these  great  tunnels, 
and  of  some  other  gigantic  undertakings,  may  be  interesting: — 
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The  improvements  which  have  been  made  in  boring  machinery, 
and  the  use  of  dynamite  have  increased  the  rate  of  progress  in  recent 
tunnels  in  a  very  marked  degree.  In  the  construction  of  the  Mont  Cenis 
Tunnel,  13,432  yards  were  executed  in  fourteen  years,  i.e.,  a  progress  of 
about  1  yard  in  7f  hours.  At  St.  Gothard,  16,241  yards  were  executed 
in  eight  years,  i.e.,  1  yard  in  3|  hours  ;  whilst  at  Arlberg,  11,194  yards 
were  completed  in  four  years,  i.e.,  1  yard  in  2|  hours. 

As  being  connected  with  the  subject  of  tunnelling  and  blasting, 
mention  may  be  made  of  the  blast  on  a  scale  never  before  approached, 
recently  made  for  the  purpose  of  removing  the  "Flood"  or  "Hell's 
Gate"  Rock  at  New  York.  The  charge  consisted  of  145  tons  of  various 
explosives,  chiefly  "  rack-a-rock,"  a  material  composed  of  chlorate  of 
potash  impregnated  with  heavy  mineral  oils. 

These  tunnels  have  been  greatly  expedited  by  the  use  of  mechanical 
drills,  which  were  first  used  on  an  extensive  scale  by  Monsieur  Somelier  in 
the  Mont  Cenis  Tunnel,  while  the  Ferroux  (percussion)  and  the  Brandt 
(rotary)  drills  were  successfully  used  in  the  recent  Arlberg  Tunnel.  The 
magnitude  of  these  undertakings,  the  necessity  for  rapid  completion,  and 
the  advantage  of  possessing  on  the  spot  enormous  water  power,  has  led  to 
the  extensive  use  of  mechanical  drills  worked  by  compressed  air  ;  and 
many  valuable  researches  have  been  made,  in  connection  with  these  great 
works,  on  the  action  of  compressed  air  as  a  motive  power.  A  mechanical 
drill  of  ingenious  construction  has  been  recently  introduced  extensively 
and  successfully  in  the  Cleveland  ironstone  mines  by  Mr.  "Walker,  a 
member  of  your  Institute.  The  Cranston  drill  is  also  extensively  used 
in  quarries  in  this  district.  No  doubt  there  will  be  interesting  exhibits, 
both  of  rock  drills  and  air  compressing  machinery,  in  the  Exhibition 
next  year. 

Compressed  air,  as  a  motive  power,  is  so  cheaply  and  easily  obtained, 
in  the  first  instance,  and  is  so  easy  of  conveyance,  and  its  application  so 
free  from  any  danger  or  annoyance  as  compared  with  exhaust  steam,  and 
possibly  electricity,  that  its  extensive  introduction  into  coal  mining 
operations  must  only  be  a  question  of  time.  Some  years  since  the 
writer  erected  at  Kimblesworth  Colliery,  and  recently  at  Marsden 
Colliery,  air  compressing  plant,  to  which  the  Colodon  principle  of  a 
jet  or  spray  of  water  was  applied.  The  water  is  injected,  not  in  the 
direction  of  the  motion  of  the  piston,  as  was  formerly  the  case,  but 
in  the  opposite  direction,  against  the  piston  as  it  returns.  This  appli- 
cation is  perfectly  successful,  not  only  in  keeping  down  the  tempei-a- 
tm'e  due  to  the  compression  of  the  air,  which  was  formerly  a  fertile 


president's  address.  231 

source  of  injury  and  loss,  but  the  curve  of  compression  is  reduced,  and, 
therefore,  also  the  power  required.  This  application  formed  tlic  subject 
of  an  interesting  discussion,  published  at  page  21  in  Vol.  XXII.  of  your 
Transactions.  This  discussion  has  the  greater  value  and  interest  from 
the  fact  of  Professor  Herschel  having  taken  part  in  it,  and  ho  subse- 
quently contributed  a  further  explanatory  paper,  published  at  page  30 
of  the  same  volume. 

It  may  be  here  mentioned  that  this  Institute  is  much  indebted  to  the 
Professors  of  the  Durham  College  of  Science  for  the  great  interest  they 
take  in  it,  both  in  contributing  papers  of  great  value  and  in  taking  part  in 
the  discussions.  The  presence  of  these  gentlemen,  who  occupy  so  high  a 
standing  as  scientific  specialists,  adds  greatly  to  the  value  of  the  dis- 
cussions. 

It  has  been  suggested  that  a  committee  of  this  Institute  might 

properly  apply  attention  and  consideration  to  a  complete  comparison  of 

the  six  motive  powers  in  operation  for  underground  haulage  in  mining, 

viz.  : — 

Steam  ; 

Compressed  air  ; 

"Water  (used  in  several  ways; ; 

Ropes  (also  used  in  various  ways) ; 

Electricity  ; 

Gas  engines. 

Bridges. — Closely  connected  with  the  question  of  tunnelling  below 
rivers  is  that  of  bridges  ovei*  them  ;  but  as  this  is  a  branch  of  engineer- 
ing hardly  within  the  scope  of  this  Institute,  I  will  only  refer  to  the 
great  works  of  this  character  now  being  executed  across  the  Forth  and 
Tay.  The  Forth  Bridge  is  not  only  remarkable  for  its  unique  con- 
struction, but  for  the  enormous  width  of  the  spans,  two  of  these  being 
1,700  feet,  and  the  clear  height  above  high  water  to  the  roadway  150 
feet.  The  total  length  is  \\  miles.  It  was  commenced  in  1883,  and  is 
not  yet  finished.  The  length  of  the  new  Tay  Bridge  is  3,600  yards, 
with  a  clear  height  of  77  feet  above  high  water  level.  It  was  com- 
menced in  1882,  and  is  not  yet  finished, 

A  bridge  of  large  size  and  novel  design  is  now  in  course  of  construc- 
tion across  the  river  Thames,  near  the  Tower.  The  main,  or  lower 
roadway  of  this  bridge  is  a  bascult,  or  double  drawbridge,  between  the 
two  centre  piers,  with  a  high  level  roadway,  also  between  these  piers,  at 
a  sufficient  level  to  allow  of  ships  passing  beneath,  whilst  the  lower 
bridge  is  open  for  ships  to  pass  through.  Passengers  will  be  raised  by 
elevators  in  the  piers  up  to  the  higher  level  permanent  bridge. 
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Canals. — Closely  allied  with  these  large  engineering  works,  nnder 
and  over  rivers,  are  canals,  connecting  seas,  as  at  Suez,  Panama,  and 
Corinth,  or  connecting  inland  towns  with  the  sea,  as  at  Amsterdam,  St. 
Petersburg,  and  Manchester, 

The  Suez  Canal,  the  earliest  of  these,  was  opened  in  1869.  Its  length 
is  100  miles ;  the  width  at  the  top  is  328  feet,  and  at  the  bottom  72  feet ; 
the  depth  being  2G  feet. 

The  Panama  Canal,  commenced  in  1881,  will  be — in  length,  46  miles ; 
in  width,  164  feet  at  the  water  line ;  and  in  depth,  27  feet  10  inches. 

The  Amsterdam  Canal  was  opened  in  1876.  Its  length  is  15|  miles  ; 
the  width  at  the  top,  187  feet,  and  at  the  bottom,  88  feet ;  and  the  depth, 
23  feet. 

The  St.  Petersburg  Canal  was  opened  in  1885.  Its  length  is  18^ 
miles ;  its  width  is  207  feet  at  the  bottom  ;  and  its  depth  is  22  feet. 

The  proposed  Manchester  Canal  will  be— in  length,  21  miles;  in 
width,  at  the  top,  208  feet,  and  at  the  bottom,  120  feet;  and  in  depth, 
26  feet. 

All  these  works,  which  have  been  thus  briefly  referred  to,  have  been 
executed  at  considerable  distances  from  us.  But  another  great  work  of 
this  class  has  been  for  some  years  in  course  of  execution  with  marked 
success  in  this  district,  viz.,  the  River  Tyne  Improvement.  Here  a 
canal  of  great  magnitude  has  been  dredged  in  the  bottom  of  the  river. 
Forty  years  ago,  the  depth  of  water  at  low  spring  tides  on  the  Bar  was 
only  6  feet ;  it  is  now  between  20  and  30  feet.  A  channel,  or  sub-aqueous 
canal  of  a  width  varying  from  400  to  900  feet  has  been  dredged  to  a  depth 
of  20  feet  ab  low  water,  from  the  sea  to  a  distance  of  over  three  miles 
above  Newcastle,  making  a  total  distance  from  the  Bar  of  about  15 
miles.  77,064,234  tons  of  material  have  been  dredged  up  by  powerful 
dredgers  of  the  most  improved  construction,  and  sent  out  to  sea,  and 
there  deposited  at  a  distance  of  two  to  three  miles  from  land.  Owing  to 
the  extensive  scale  of  these  operations,  and  the  admirable  arrangements 
of  the  engineer,  Mr.  Messeut,  the  cost  of  dredging  and  conveying  this 
material  has  been  reduced  to  about  threepence  per  ton.  These  opera- 
tions, apart  from  their  deepening  the  channel  for  commercial  purposes, 
have  produced  interesting  and  important  results,  and  the  height  of 
high  water  at  Newcastle  has  been  raised  8  inches,  and  that  of  low 
water  reduced  33  inches,  and  the  time  of  high  water  expedited  about 
one  hour. 

It  is  not  necessary  to  dwell  on  the  other  works  of  great  magnitude 
executed  by  the  River  Tyne  Commissioners,  viz.: — The  noble  piers,  which 
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have  ulreiuly  converted  a  most  dangerous  port  into  a  safe  liarbour  of 
refuge ;  and  the  magnificent  Swing  Bridge,  the  largest  of  its  kind,  as 
these  would  in  themselves  form  subjects  for  several  addresses. 

Iron  and  Steel. — Intimately  connected,  not  only  with  all  engineering 
works,  but  also  with  the  question  of  fuel  in  relation  to  its  consumption, 
is  the  rapid  introduction  of  steel  in  place  of  iron.  However  much 
engineering  science  and  mechanical  construction  in  general  throughout 
the  world  may  have  benefited  by  this  change,  which  has  taken  place  with 
such  unprecedented  rapidity,  it  is  very  questionable  whether  England 
itself  reaps  benefits  equally  with  other  countries.  The  great  advantage 
possessed  by  England  was  in  its  numerous  coal-fields,  situated  not 
only  as  they  are  in  immediate  vicinity  to  the  ironstone,  but  also  to 
the  sea -board.  This  advantage  enabled  England  to  produce  iron  cheaper 
than  any  other  part  of  the  world;  but  England  is  now  not  only  de- 
pendent, to  a  certain  extent,  for  the  manufacture  of  steel  on  the  im- 
portation of  foreign  Hematite  ores,  but  it  imports  ores  which  can, 
with  equal  economy,  be  exported  from  the  same  mines  to  ironworks 
elsewhere  abroad.  The  greatly  reduced  quantity  of  fuel  used  in  the 
manufacture  of  steel  also  gives  a  further  advantage  to  foreign  competition, 
where  the  cost  of  fuel  is  higher.  Mr.  Colquehoun,  who  is  an  authority 
on  this  subject,  in  his  recent  presidential  address  to  the  South  Wales 
Institute  of  Mining  and  Mechanical  Engineers,  said,  that  in  the  produc- 
tion of  steel  rails  in  comparison  with  iron  rails,  the  saving  in  fuel 
is  about  67  per  cent.,  and  on  labour,  about  GO  per  cent.  It  is  true, 
that  by  the  valuable  inventions  of  Messrs.  Thomas  Gilchrist  and  others, 
the  inferior  ores  (for  this  purpose)  of  Cleveland,  etc.,  can  now  be  utilized 
for  the  manufacture  of  steel ;  but  this  is  more  than  counterbalanced 
by  the  fact  that  the  same  advantage  can  be  taken  by  foreign  competitors 
in  so  using  their  ores  of  a  similar  character. 

As  bearing  on  the  consumption  of  raw  materials  in  this  district,  that 
is,  of  coal,  limestone,  and  salt,  mention  may  be  made  of  the  substitution 
of  the  ammonia  for  the  Leblanc  process  in  the  manufacture  of  soda,  the 
former  using  less  than  one-half  the  quantity  of  fuel,  no  limestone,  and 
salt  chiefly  in  the  condition  of  brine. 

I  am  not  aware  of  any  very  recent  marked  improvement  in  Blast 
Furnaces ;  probably,  the  most  important  has  been  that  put  into  operation 
in  some  of  the  Scotch  furnaces  for  recovering  the  ammonia  from  furnace 
vapours.  The  great  fall,  however,  in  the  commercial  value  of  this  article 
will,  no  doubt,  militate  against  the  further  present  extension  of  these 
arrangements. 
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Engines. — There  does  not  appear  to  have  been  any  striking  improve- 
ments in  connection  with  the  steam  engine  during  the  past  two  years,  but 
there  has  been  a  growing  tendency  to  increase  the  boiler  pressure  and  the 
ratio  of  expansion ;  this  lias  been  affected,  to  a  large  extent,  by  the  intro- 
duction of  triple  expansion  cylinders.  The  high  cost  of  fuel  abroad,  and 
the  loss  of  cargo  from  carrying  bunker  coal,  will  always  lead  every  endea- 
vour to  be  exercised  to  economise  fuel  to  the  greatest  possible  extent  in 
marine  engines,  and  it  may  now  be  accepted  that  the  expenditure  of  fuel 
in  the  most  recent  and  best  constructed  marine  engines  does  not  exceed 
in  practice  1^  lbs.  per  horse-power. 

There  have  been  erected  in  this  district  recently,  connected  with  col- 
lieries, several  large  winding  engines,  viz.,  at  Silksworth,  Boldon,  and 
Marsden,  all  of  which  are  of  the  same  type,  and  are  working  very  satis- 
factorily; they  have  all  in  operation  the  expansion  gearing,  first  introduced 
by  Mr.  Barclay,  at  Silksworth  Colliery,  and  since  improved  by  the  Grange 
Iron  Company,  and  to  which  governors  have  been  added.  This  mechanism 
is  thoroughly  effective  in  its  action.  Some  of  these  engines  are  also 
fitted  with  scroll  drums  for  equalising  the  load  throughout  the  winding ; 
they  have  been  fully  described  in  papers  contributed  to  your  Institute, 
and  that  of  the  Institute  of  Civil  Engineers. 

There  does  not  appear  to  have  been  any  great  advance  made  recently 
in  portable  steam  engines.  There  is  no  doubt  but  that  this  description 
of  engine,  for  a  time,  quite  took  the  lead  in  improvements  over  all  others 
in  this  class  of  engineering,  both  for  high  finish,  efficiency  in  design,  and 
economy  of  fuel,  and  it  is  somewhat  curious  to  note  that  the  origiu  and 
development  of  this  high-class  engine  did  not  take  place  (as  has  been  the 
case  with  all  other  engines)  in  the  great  centres  of  the  coal  and  iron 
industries,  but  in  Lincolnshire,  a  purely  agricultural  district ;  and  there 
can  be  no  doubt  that  this  is,  to  a  great  extent,  due  to  the  frequent 
appearance  of  these  engines  in  competition  at  the  exhibitions  of  the 
Royal  and  other  agricultural  societies,  which  may  be  adduced  as  one 
of  the  advantages  gained  by  these  exhibitions,  and  the  prizes  offered  for 
high  perfection  by  various  societies. 

Closely  connected  with  this  subject  is  that  of  gas  engines  and  heat 
motors.  Gas  engines  appear  now  to  have  attained  great  perfection,  the 
consumption  of  gas  being  reduced  to  25  cubic  feet  of  gas  per  horse-power 
per  hour  in  small  engines  (^  horse-power),  and  to  17  cubic  feet  in  large 
engines  (IG  horse-power).  This  does  not  greatly  exceed  the  cost  of  steam, 
with  fuel  taken  as  in  London  at  £1  per  ton.  These  engines  are  now 
made  up  to  16  horse-power  nominal,  whicli  are  capable  of  working  up  to 
40  horse-power  indicated. 
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No  doubt  gas  engines  }U'cscnt  very  many  advantages  in  the  absence  of 
a  boiler,  in  their  special  applicability  for  small  mannfactnrers,  for  driving 
electric  machines,  and  especially  also  for  hoists  and  other  intermittent 
work.  It  is  by  no  means  improbable  that,  under  certain  conditions, 
this  power  may  be  found  to  be  economical  for  underground  haulage. 

Engines  of  special  construction  have  also  been  introduced  for  using 
petroleum  in  place  of  gas. 

Heat  motors  appear  also  from  their  cheapness,  portability,  and  easy 
management,  to  be  gaining  gi'ound,  after  having  overcome  many  technical 
difficulties. 

It  is  certain  that  there  will  be  numerous  exhibits  of  all  these  descrip- 
tions of  small  engines,  both  at  the  exhibition  in  Newcastle  next  year,  and 
at  the  exhibition  of  the  Royal  Agricultural  Society,  which  will  be  held  in 
Newcastle  during  the  same  time,  in  July,  1887. 

There  will  also  be  numerous  other  imporcant  exhibits  of  agricultural 
implements,  such  as  mowing  machines,  stack  elevators,  corn  crushers,  etc., 
which  cannot  be  dwelt  on  here,  although  these  are  of  great  importance  to 
managers  of  mines,  who  have  to  deal  with  the  provender  for  large  numbers 
of  horses. 

COLLIERY   PRACTICE. 

In  the  underground  haulage  of  coal  no  great  novelty  has  been  recently 
introduced.  Perhaps  the  most  important  feature  has  been  the  extension 
of  the  application  of  compressed  air,  and  of  endless  rope  haulage, 
a  practical  application  of  which  latter  will  no  doubt  be  shown  at  the 
exhibition,  as  well  as  of  air  compressing  machinery. 

Working  Coal. — In  the  mode  of  working  coal  there  has  not  been,  in 
recent  years,  any  marked  alteration  in  practice,  although,  no  doubt,  the 
"longwall"  system  is  gradually  increasing  in  all  directions.  It  is  now 
in  extensive  use  in  the  steam  coal  mines  in  South  Wales,  in  substitution 
of  the  "wide  stall"  system.  This  change  is  due,  probably,  to  the  serious 
deterioration  of  the  pillars  left  after  the  first  working,  which  are  so  much 
crushed  by  the  weight  of  the  overlying  strata  that  large  areas  of  pillars 
have  been  left  unworked.  But  the  "wide  stall"  system  is  still  in  general 
operation  in  the  shallower  house  coal  seams  in  "Wales. 

In  Yorkshire,  the  "longwall"  system  is  also  increasing  as  the  pits 
become  deeper  and  the  pressure  greater;  it  is  found  that  in  the  "wide 
stalls"  the  roof  breaks  up  by  the  sides  of  the  "gate  roads"  under 
the  pressure  of  increased  depths.  Up  to  a  depth  of  500  or  600  feet  no 
system  (especially  for  this  class  of  coal)  can  be  more  economical  than  the 
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Yorkshire  system  of  "wide  stall,"  where  the  character  of  the  roof  permits 
the  "wide  stall"  to  be  carried  up  sufficiently  far  without  packs,  and  the 
"pillar"  brought  back  by  the  same  roadway.  There  is  no  doubt,  however, 
l)ut  that  the  "wide  stall"  system  of  working-,  where  the  stalls  fall  freely 
and  cannot  be  ventilated,  is  attended  with  considerable  danger,  if  naked 
lights  are  used,  or  if  it  is  necessary  to  use  gunpowder  to  blast  the  coal. 

In  the  North  of  England,  the  "longwall"  mode  of  working  is  also 
on  the  increase,  especially  in  hard  and  thin  seams,  many  of  which 
could  not  at  present  be  worked  on  any  other  system.  There  is  no  doubt, 
however,  but  that  the  North  of  England  system  of  "board  and  pillar"  is 
specially  suited  to  the  tender  gas  and  coking  coals  of  this  district,  and  no 
other  system  is  so  economical  when  a  large  proportion  of  round  coal  is 
not  required  ;  it  also  has  the  advantage  of  drawing  off  the  gas  in  advance 
in  districts  which  give  oflF  a  large  quantity. 

Probably  there  is  no  direction  in  colliery  practice  to  which  more  atten- 
tion has  been  given  of  late  than  in  the  screenmg  and  cleaning  of  coals. 
This  is,  no  doubt,  chiefly  due  to  the  fact  that  the  coal  seams  of  the  highest 
character  (which  could  not  be  improved  by  washing,  crushing,  or  other- 
wise manipulating)  are  being  rapidly  exhausted. 

Travelling  belts  have  been  in  operation  for  a  number  of  years  in  the 
North  of  England  and  elsewhere  for  the  purpose  of  conveying  and 
affording  facilities  for  the  complete  cleaning  of  small  coals.  This  system 
has  recently  been  applied  very  extensively  for  the  purpose  of  conveyhig 
and  cleaning  large  coals.  In  the  process  of  screening  coals  in  the  ordinary 
way,  the  larger  portion  of  the  work  done,  and  time  occupied,  by  the 
screeners,  is  in  pushing  the  coals  off  the  flat  at  the  foot  of  the  screen  into 
the  wagon ;  whereas,  when  the  coal  is  conveyed  by.  a  belt  from  the  screen 
into  the  wagon,  the  screeners  are  simply  employed  in  picking  out  the 
stone,  this  resulting  in  a  much  more  efficient,  as  well  as  a  more  economi- 
cal, cleaning  of  the  coals.  Screening,  separating,  and  washing  coals 
has  been  carried  on  to  a  very  elaborate  extent  in  the  North  of  France  and 
in  Belgium,  as  was  seen  by  the  members  of  this  Institute  on  the  occasion 
of  their  visit  to  France,  in  June,  1878.  Recently,  very  elaborate  and 
costly  appliances  for  this  purpose  have  been  erected  at  the  Dowlais  Iron 
"Works  on  the  Feldspar  principle,  fully  described  in  the  "  Transactions  of 
the  South  Wales  Institute,"  Vol.  XIV.,  p.  88,  which  is  stated  to  give 
very  satisfactory  results. 

Probably  the  most  simple  mode  of  washing  coal  is  the  conical  washer 
introduced  by  Mr.  Robinson,  a  member  of  this  Institute,  at  the  Blackboy 
ColHery,  which,  for  economy  in  first  construction,  in  working,  and  in 
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efficiency,  loaves  little  to  be  desired.  A  very  simple  and  effective  washing 
apparatus  has  also  been  designed  by  JNIr.  Ramsay,  who  is  also  a  member, 
which  is  in  successful  operation  at  several  collieries  in  Durham. 

Coking. — Considerable  progress  has  been  made  in  recent  years  in  the 
manufacture  of  coke.  This  has  been  principally  in  the  direction  of  an 
increased  yield  of  coke  compared  with  the  coal  used,  and  in  the  partial  or 
complete  recovery  of  the  bye-products  from  the  vapours  evolved  during 
the  process.  Several  forms  of  ovens  and  condensers  have  been  introduced. 
Among  others  may  be  mentioned  the  "Simon-Carve"  and  "Jameson's." 
The  first  has  been  adopted  at  several  collieries  in  this  district  with 
satisfactory  results.  The  great  f\ill  in  the  value  of  the  "  bye-products  " 
during  the  past  two  years,  however,  and  the  depressed  condition  of  the 
iron  trade,  have,  no  doubt,  greatly  militated  against  any  rapid  or  ex- 
tensive introduction  of  these  ovens.  The  use  of  the  "  Coppee  "  oven  has 
also  extended  considerably  in  Wales,  especially  for  the  use  of  coals  of  a 
semi-bituminous  character. 

Gas  Producers. — "With  regard  to  the  utilisation  of  the  inferior  qualities 
of  small  and  other  coal,  perhaps  the  introduction  of  "gas  producers"  has 
been  the  most  important  step  of  late  years  in  this  direction. 

Producers  for  the  manufacture  of  gas  for  heating  purposes  have  been 
in  existence  since  1881),  but  the  "Siemens  Producer,"  introduced  in  1801, 
appears  to  have  paved  the  way  to  their  present  extensive  apjDlication. 

The  "Wilson  Producer,"  which  has  been  largely  adopted  in  this  neigh- 
bourhood, has  certainly  proved  to  be  an  economical  means  of  applying 
heat,  not  only  to  many  descriptions  of  furnaces,  but  also  to  boilers.  The 
only  requirement  as  to  the  fuel  is  that  it  should  be  open  or  free  burning. 
An  inferior  fuel  is  thus  equally  applical)le  wicli  that  of  a  superior  quality. 

Gas  LiyJiting. — Although  many  valuable  in\eutions  and  improve- 
ments, which  are  fully  from  time  to  time  described  in  the  journals  specially 
devoted  to  this  subject,  are  constantly  being  introduced  into  the  manu- 
facture of  gas,  there  does  not  appear  to  have  been  recently  any  marked  or 
striking  alteration  in  this  process.  For  some  time  previous,  great  atten- 
tion had  been  given  to  the  utilisation  of  the  "bye-products,"  but  the 
rapid  and  serious  fall  in  the  value  of  these  has,  for  the  time,  stopped 
further  development  in  this  direction,  as  at  blast  furnaces  and  coke  ovens. 

In  treating  of  the  bye-products  resulting  from  the  distillation  of  coal, 
mention  may  be  made  of  the  new  substance  "  saccharin,"  described  by 
Sir  Hemy  Roscoe  at  a  recent  lecture  before  the  Eoyal  Institution  as  a 
white  crystalline  substance,  of  an  intensely  sweet  taste,  stated  to  have  280 
times  the  sweetening  power  of  cane  sugar. 
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Sir  Henrj  Eoscoe  also  gives  the  result  of  the  destructive  distillation 
of  one  ton  of  Lancashire  coal  at  — 

1.— Coal  ^as  10,000  cubic  feet. 

2.— Coke      13  cwts. 

3. — Aimaoiiiacal  liquor  (5  per  ceut.)      ...  20  to  23  galls.,  or  30  lbs. 

4.— Coal  tar  12  galls.,  or  139  lbs. 

These  12  gallons  of  coal  tar,  by  further  distillation,  yield : — 

Lbs. 

Creosote    ...         ...         ...  ...  ...  ...  17 

Heavy  oils             ...          ...  ...  ...  ...  14 

Pitch         69-6 

Xaplitha,  yellow  ...          ...  ...  ...  ...  9'o 

Solvent  naphtha  ...         ...  ...  ...  ...  2'4 

Xaphthalene         ...         ...  ...  ...  ...  6"3 

Xaphthol  ...         ...         ...  ...  ...  ...  4'75 

Alizarin  (20  per  cent.)    ...  ...  ...  ...  2'25 

Benzene     ...         ...         ...  ...  ...  ...  I'l 

Aniline       ...          ...          ...  ...  ...  ...  1"1 

Toluene     09 

Toluidine  ...         ...         ...  ...  ...  ...  0"y7 

Phenol       ...         ...         ...  ...  ...  ...  lo 

Aurine       ...         ...         ...  ...  ...  ...  1'2 

Anthracene           ...  ...  ...  046 

Alizarin  alone  is  now  manufactured  to  the  value  of  £2,000,000 
annually  for  dyeing  purposes,  and  has  almost  driven  the  madder  plant 
out  of  cultivation ;  and  in  one  manufacture  alone,  in  Manchester,  500 
tons  of  aniline  are  used  annually. 

In  addition  to,  or  rather  out  of,  the  above-mentioned  substances,  not 
only  are  perfumes  also  largely  manufactured,  such  as  "  Tonka  Bean," 
""Woodruff,"  "Xew  Mown  Hay,"  etc.,  but  also  a  febrifuge  possessing  all 
the  important  qualities  of  quinine. 

There  is  a  matter  of  interest  to  those  interested  in  coal  mines  in 
connection  with  this  subject,  viz.,  the  steady  and  continued  increase  in 
the  consumption  of  gas.  This,  however,  is  no  doubt  in  part  due  to  its 
increased  application  for  cuoking  purposes,  thus  to  a  certain  extent  being 
substituted  for  raw  coal.  The  amounc  of  gas  sold  in  London,  in  1882, 
was  20,000,000,000  (twenty  million  thousand)  cubic  feet.  This  required 
the  carbonisation  of  over  two  million  tons  of  coal,  as  each  ton  of  coal 
yielded  9,417  cubic  feet,  the  price  being  3s.  2d.  per  1,000  cubic  feet,  and 
the  waste  five  per  cent.  A  comparison  with  1869  shows  that  in  that 
year  the  gas  sold  was  onjy  one-half  of  the  above,  or  ten  milhon  thousand 
cubic  feet,  the  produce  per  ton  being  8,438  cubic  feet,  the  price  4s.  2d. 
per  cubic  foot,  and  the  waste  ten  per  cent. 

The  coal  carbonised  by  all  the  gas  works  in  England  and  "Wales  in 
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18S1  amouutcd  to  i;,8G5,33G  tons,  Lomloii  taking-  nearly  one-third.  The 
gas  sold  amounting  to  fifty-eight  million  thousand  cubic  feet,  being  an 
average  of  9,092  cubic  feet  per  ton,  the  London  average  being  9,497 
cubic  feet. 

The  Sheffield  gas  works  take  the  high  rank  of  producing  18  candle 
power  at  Is.  lOd.  per  1,000  cubic  feet. 

Eledrkily  now  covers  so  large  a  field,  and  has  ramified  so  widely, 
that  a  brief  allusion  only  will  be  made  to  its  practical  application  in  con- 
nection with  mining  and  engineering. 

As  a  motive  power,  its  progress  seems  slow.  There  is  an  instance  of 
its  adoption  by  Messrs.  Siemens  for  a  public  line  of  railway,  at  Portrush, 
in  Ireland,  six  miles  in  length  ;  and  it  has  been  used  in  one  or  more  cases 
for  underground  haulao-e  in  the  South  of  England.  It  has  also  been  used 
both  for  tram  cars,  overhead  railways,  and  for  underground  haulage, 
abroad. 

The  obstacles  to  its  extensive  adoption  for  underground  haulage  are : — 
The  loss  of  power  by  transmission  to  long  distances,  and  in  the 

dynamos  and  motors. 
The  danger  from  sparking. 
The  cost  of  the  copper  conducting  cables. 

The  latter  objection  has  to  some  extent  been  overcome  by  the  use  of 
old  wire  ropes  for  conductors,  in  place  of  copper,  for  signalling  at  least. 

Electricity  has  also  been  used  to  a  somewhat  limited  extent  in  blasting, 
chiefly  in  shaft  sinking. 

The  chief  use  for  electricity,  however,  in  mines,  is  for  signalling  and 
lighting.  The  use  of  electric  signals,  both  on  underground  engine  planes, 
and  in  shafts,  is  greatly  on  the  increase  ;  and  the  telephone  is  also  being 
extensively  used,  not  only  on  the  surface,  between  various  departments, 
but  also  for  communicating  underground. 

The  electric  light  is  also  being  extensively  adopted,  especially  where 
gas  cannot  be  obtained.  As  compared  with  any  other  description 
of  lighting  large  areas,  it  effects  a  great  economy ;  not  only  is  the  light 
much  more  powerful,  but  it  gives  objects  their  true  colour,  and  is  not 
affected  by  wind.  It  is  specially  adapted  for  use  on  pit  heaps  and 
screens,  as  with  it  the  important  process  of  removing  small  pieces  of 
sphnt  and  stone  can  be  effected  as  well  by  night  as  by  day. 

There  has  been  a  small  electric  lighting  plant  in  successful  operation 
for  some  time  at  Marsden  colliery.  The  motive  power  is  obtained  from 
the  saw  mill  engine  during  the  nights.  Originally,  only  50  of  Swan's 
incandescent  20  candle  power  lamps  were  in  circuit,  but  gradually  these 
have  been  increased  to  100,  which  light  up  all  the  screens,  engines,  and 
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workshops.  The  engines  and  lights  are  attended  to  by  a  workman,  who 
is  otherwise  employed  for  one-half  of  his  time  ;  this,  together  with  the 
price  of  the  lamps,  comprises  the  whole  maintenance  cost. 

The  largest  permanent  installation  of  the  electric  light,  from  a  central 
point,  as  yet  completed  in  this  country,  is  that  at  the  Paddington 
terminus  of  the  G.W.R.  The  lights  are  equivalent  to  30,000  ordinary 
gas  jets.  Two  Gordon  dynamos  are  used,  giving  out  sufficient  power 
for  4,115  Swan  lamps,  each  25  candle  power.  Also  98  arc  lamps  of 
8,500  candle  power,  and  two  arc  lamps  of  12,000  candle  power. 

Probably  the  most  extensive  application  of  the  electric  light  has  been 
at  the  Inventions  and  Colonial  Exhibitions,  in  London.  At  the  former 
there  were  464  arc  lamps  and  5,530  incandescent  lamps  in  and  about  the 
buildings,  and  18,000  incandescent  lamps  for  the  illumination  of  the  ex- 
ternal grounds.     Steam  was  supplied  for  2,300  horse-power. 

At  the  Exhibition  at  Newciistle  next  year,  there  will  be  a  very  extensive 
installation  of  electric  lighting  on  the  most  improved  principles,  which 
will  be  worthy  of  the  careful  attention  of  the  members  of  this  Institute. 

The  question  of  the  efiFect  of  the  extension  of  electric  lighting  on  the 
consumption  of  fuel,  although  one  which  may  ultimately  become  of  great 
importance,  has  hardly  as  yet  reached  this  point.  In  some  special 
instances  the  electric  light  is  by  far  the  most  efficient  and  most 
economical  mode  of  lighting.  In  a  number  of  other  cases,  especially  in 
the  lighting  of  large  areas  or  special  buildings  such  as  theatres  and  hotels, 
it  seems  to  be  making  gradual  though  slow  progress ;  but  so  far  as  regards 
the  great  bulk  of  lighting,  viz.,  dwelling  houses  and  shops,  which  must 
be  effected  by  some  system  of  producing  the  electric  current  from  a 
common  centre,  little,  if  any,  progress  is  apparent  ;  and  it  may  certainly 
be  considered  probable  that  any  great  adoption  of  electric  lighting  for 
these  purposes,  will  be  first  carried  out  in  other  countries,  where  the  cost 
of  fuel  for  gas  making  is  so  much  higher  than  in  England. 

A  paper  of  great  value  was  contributed  (Vol.  XXXV.,  1885)  to  your 

Transactions  on  a  Portable  Electric  Miner's  Lamp  by  Mr.  Jos.  Swan. 

In  Mr.  Swan's  lamp  the  electric  current  is  obtained  from  a  secondary 

battery,  and  the  lamp  appeared  to  possess  many  of  the  requirements  for  a 

perfect  -safety  lamp.     This  lamp  has  not  yet  been  brought  commercially 

before  the  public* 

*  Since  tins  address  was  read,  Mr.  Swan  has  read  a  second  memoir  to  your  Institute, 
describing  the  further  improvements  in  his  lamp.  Not  only  has  an  indicator  for  the 
detection  of  gas  on  the  Liveing  principle  been  attached  to  the  lamp,  but  another 
extremely  accurate  indicator,  capable  of  measuring  the  proportion  of  gas  present  down 
to  T^ij  per  cent.,  has  been  also  attached  to  it.  The  value  of  such  an  indicator  cannot  be 
over  estimated. 
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A  practical  paper  of  great  value  ou  Electric  Tiiglitiiig  was  read  by  Mr. 
Walker,  and  published  in  your  Transactions,  Vol.  XXXIV.,  1884. 

Accidents  ill  Mines. — The  Prevention  of  accidents  in  mines  is  at  all 
times  the  subject,  above  all  others,  of  the  deepest  importance  to  mining 
engineers.  Safety  in  mines  was  the  chief  object  in  the  original  formation 
of  your  Institute,  which  was  established  in  1852,  immediately  after  the 
occurrence  of  one  of  those  accidents  which  direct  so  much  sympathy 
towards  all  engaged  in  mining  operations ;  and  the  Royal  Charter,  by 
which  this  Institute  is  still  governed,  was  granted  in  consideration  of 
its  "having  for  its  objects  the  Prevention  of  Accidents  in  Mines,  and 
the  advancement  of  the  Sciences  of  Mining  and  Engineering  generally." 

In  tlie  admirable  address  given  by  your  late  president,  Mr.  G.  B. 
Forster,  he  alluded  to  tlie  appointment  of  the  Royal  Commission  ou 
Accidents  in  Mines.  This  commission  was  appointed  in  1870,  under 
the  presidency  of  Professor  Warington  Smythe,  and  issued  its  final 
report  in  1886.  The  evidence  of  the  witnesses  in  full,  and  the  reports, 
together  with  the  account  and  results  of  the  nunierous  experiments  on 
coal  dust,  safety  lamps,  and  explosives,  made  by  the  commission  them- 
selves, filled  two  large  Parliamentary  Blue  Books,  which  contain  a  mass 
of  most  valuable  information.  Tlie  influential  position  of  the  Com- 
missioners, some  of  whom  are  scientific  gentlemen  of  the  highest  repu- 
tation, whilst  others  are  intimately  and  practically  connected  with  mining 
(amongst  these  latter  being  two  of  the  past-presidents  of  this  Institute, 
viz. : — Sir  George  Elliot  and  Mr.  Lindsay  Wood),  under  the  presidency 
of  Professor  Warington  Smythe,  himself  a  mining  engineer  of  much 
experience,  gave  a  character  to  this  report,  possessed  by  the  report  of  no 
previous  similar  commission,  published  either  here  or  abroad. 

The  dangerous  character  of  coal  dust,  and  the  prominent  part  it  has, 
without  doubt,  played  in  nearly  all  recent  serious  explosions  in  coal  mines, 
was  again  prominently  brought  before  the  notice  of  this  Institute  by  the 
translation  by  your  Secretary,  Mr,  Bunning,  of  the  valuable  report  ou  the 
experiments  made  at  Neuukirchen  for  the  German  Government. 

The  question  of  the  use  of  explosives  in  coal  mines  has  received,  in 
recent  years,  probably  more  attention  than  any  other  matter  connected 
with  mining,  and  fortunately  so,  as  the  prejudice  against  the  use  of  gun- 
powder is  very  strong,  especially  on  the  part  of  persons  who  have  little 
or  no  knowledge  of  the  subject,  or  who  have  no  commercial  interests 
which  might  suffer  from  its  arbitrary  prohibition.  The  numerous  and 
careful  experiments  which  have  been  recently  made,  in  consequence  of 
the  attention  giveji  to  this  subject,  both  in  England  and  on  the  Continent, 
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have  led  to  the  fortunate  discovery  that  explosives  of  the  dynamite 
character,  especially  if  contained  in  water  cartridges,  will  not  only  not 
ignite  coal  dust,  but  not  even  mixtures  of  coal  gas. 

Translations,  by  Mr.  Walton  Brown,  of  the  recently  issued  regula- 
tions for  mines  issued  by  the  Belgian  and  Prussian  Governments,  are 
valuable  additions  to  your  Transactions,  Vols.  XXXIV.  and  XXXV. 

No  less  than  seven  papers  on  the  important  subject  of  safety  lamps 
have  been  contributed  to  your  Transactions  during  the  past  two  years. 

ASSOCIATED    INSTITUTES. 

A  few  words  bearing  on  kindred  associations.  During  the  past  two 
years  the  engineers  and  others  interested  in  the  great  local  industries 
of  shipbuilding  and  marine  engineering  have  founded  the  Norfh-Enst 
Coast  Institution  of  Engineers  and  Shipbuilders.  That  Institute  already 
numbers  over  500  members,  and  has  published  two  volumes  of  papers  of 
great  value  and  interest  on  these  special  subjects;  and  I  feel  sure  that  I 
am  only  expressing  the  feelings  of  the  members  of  this  Institute  in  wish- 
ing it  every  prosperity.  In  Mechanical  Engineering,  especially  in  relation 
to  the  steam  engine  and  boilers,  and  on  the  properties  of  steam  itself, 
and  on  other  subjects  common  to  all  branches  of  engineering,  such  as  the 
strength  of  materials,  etc.,  that  Institute  must  of  necessity  hold  a  very 
high  place  in  this  neighbourhood,  and  the  papers  on  these  subjects  will 
have  special  interest  to  the  members  of  this  Institute.  No  doubt,  how- 
ever, the  bulk  of  the  papers  contributed  will  be  on  shipbuilding  and  other 
allied  subjects  somewhat  foreign  to  the  objects  of  this  Institute  ;  and 
there  is  no  other  district  which  can  supply  such  a  mass  of  useful  informa- 
tion for  research  and  discussion  on  these  special  subjects. 

The  College  of  Physical  Science,  which  was  established  in  1871,  and 
in  which  your  Institute  has  always  taken  a  very  lively  interest,  and 
whose  chair  of  Mining  was  established,  and  is  still  supported,  by  this 
Institute  and  the  Coal  Trades,  is  about  to  take  a  step  in  advance  of  con- 
siderable magnitude,  which,  it  is  trusted,  will  add  greatly  to  its  efficiency 
and  usefulness.  After  considerable  discussion  and  delay,  a  site,  adjoining 
the  Leazes,  has  been  bought  for  the  new  college  buildings,  and  the 
drawings  for  the  structure  are  almost  completed.  Whilst  the  removal  of 
the  college  from  this  building  will  somewhat  sever  the  close  connection 
that  has  hitherto  existed  between  it  and  this  Institute,  no  doubt  great 
advantage  will  be  derived  from  the  increased  accommodation.  At  present 
the  teaching  staff  consists  of  a  professor  in  each  of  the  following  sciences, 
viz.: — Mathematics,  Physics,  Chemistry,  Geology,  Natural  History,  and 
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j\Iining,  and  lecturers  on  Mechanical  Drawing  and  llie  Modern  Languages. 
During  the  past  year  the  classes  have  been  attended  bj  26  matriculated 
students  and  206  occasional  students. 

I  would  specially  draw  the  attention  of  the  members  of  this  Insti- 
tute to  the  singularly  valuable  Librnrij  they  are  gradually  accumu- 
lating, not  only  by  the  purchase  of  all  standard  works,  bearing  on  the 
special  branches  of  science  connected  with  mining,  as  they  are  published, 
but  also  by  the  ex'change  of  Transactions  with  no  less  than  92  home  and 
foreign  kindred  and  other  scientific  societies,  by  which  means  there  has 
already  been  formed  a  library  of  over  4,000  volumes  (besides  an  almost 
equal  number  of  unbound  maps,  pamphlets,  tracts,  etc.),  which  is  even 
now  considered  to  be  the  most  extensive  and  complete  library  existing  on 
these  subjects. 

Amahjamation  of  Mining  LisHtntes. — A  last  word  on  a  matter  of  deep 
importance  to  this  and  other  Mining  Institutes.  During  the  past  three 
or  four  years  several  schemes  have  been  mooted  for  the  concentration  of 
the  various  Mining  Institutes  in  England.  It  perhaps  may  not  be  within 
the  cognizance  of  all  the  members  of  this  Institute  that  there  are  no  less 
than  nine  such  institutions  in  England,  publishing  separate  Transactions, 
with  an  aggregate  of  nearly  3,000  members.  When  it  is  considered  that 
the  Institute  of  Mechanical  Engineers  only  publishes  one  volume  a  year, 
it  must  be  apparent  that  it  is  impossible  for  seven  volumes  of  papers,  up 
to  the  high  standard  that  is  to  be  desired,  to  be  published  by  the  Mining 
Engineers,  and  certainly  the  strain  upon  each  Institute,  and  the  pressure 
on  its  members  to  obtain  papers  is  far  too  great. 

Whilst  any  attempt  to  amalgamate  the  various  Institutes  into  one 
body  would  be  difficult,  if  not  impossible,  it  is  the  opinion  of  all  who 
have  considered  the  question,  that  a  federation,  confined  chiefly  to  the 
publication  of  the  Transactions,  could  be  carried  out  with  great  advantage. 
This  would  place  the  papers  read  at  each  Institute  in  the  hands  of  all 
mining  engineers,  would  prevent  needless  repetition  of  papers,  and  dupli- 
cate investigations  and  experiments  by  committees  on  special  subjects  of 
interest.  An  Institute  which  represented  the  whole  mining  science  of 
Great  ■Britain  would  be  a  source  from  which  the  Government  might 
obtain  reliable  information  of  the  real  practical  requirements  for  necessary 
legislation,  and  would  be  a  power  to  resist  any  proposed  legislation  not 
calculated  truly  to  benefit  the  real  interests  of  both  mine  owners, 
managers,  and  workmen;  and  I  hope  that  this  matter  will  receive  due 
consideration  from  my  successor,  and  that,  with  his  powerful  influence, 
a  successful  issue  may  be  arrived  at. 
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INDUSTKIAL  EXHIBITION. 

In  reference  to  the  Exhibition  which  will  be  held  in  Newcastle  next 
year.  This  Exhibition  was  initiated  by  tlie  Institute,  and  cordially 
taken  up  by  the  Mayor  and  Council  of  the  city ;  the  desij^'ns  are  nearly 
completed,  a  guarantee  fund  of  over  £20,000  obtained,  and  a  large  amount 
of  space  already  applied  for.  The  Council  of  this  Institute  have  applied 
for  600  square  feet  of  space,  and  a  special  committee  has  been  formed  to 
organize  an  exhibit  worthy  of  the  high  repute  which  this  Institute  holds. 
It  is  hoped  that  all  members  will  heartily  assist  in  this. 


Mr.  T.  J.  Bewick  said  he  knew  it  would  be  the  desire  of  all  the 
membei'S  that  on  this  occasion  they  should  record  their  sincere  thanks  to 
their  friend,  Mr,  Daglish,  who  had  for  the  past  two  years  occupied  the 
President's  chaii"  of  the  Institute,  and  especially  for  the  most  excellent 
Address  which  they  had  just  had  the  pleasure  of  listening  to.  Mr. 
Daglish  had  always,  and  particularly  during  his  presidency,  devoted  his 
time  and  his  talents  to  the  promotion  of  their  interests,  with  good  effect 
and  with  much  benefit  to  the  Institute  ;  and  this  Address  was  the  crown- 
ing effort  of  his  presidency.  They  were  next  year  to  see  an  exhibition 
in  Newcastle,  in  the  promotion  of  which  Mr.  Daglish  had  taken  much 
interest  and  given  valuable  advice,  which  could  not  but  be  of  great  benefit 
to  the  community  generally,  but  especially  so  to  the  members  of  this 
Institution.  That  the  exhibition  would  be  extremely  interesting,  and 
valuable  in  bringing  together  a  great  variety  of  inventions  and  manu- 
factures, he  thought  no  one  could  doubt ;  and  it  was  apparent  that  it 
would  be  more  particularly  a  benefit  to  the  younger  members  of  the 
Institute.  He  need  not  say  more  of  their  excellent  friend  the  retiring 
President,  because  they  were  all  well  acquainted  with  him.  He  pro- 
posed a  vote  of  thanks  to  Mr.  Daghsh  for  his  services  as  President 
during  the  past  two  years,  and  for  the  Address  which  he  had  delivered 
that  day. 

Mr.  R.  S.  Newall  said  he  had  very  great  pleasure  in  seconding  t!ie 
resolution  proposed  by  Mr.  Bewick.  In  the  Address  which  had  been 
delivered,  Mr.  Daglish  had  given  them  a  great  deal  to  think  about ;  and 
when  it  was  published  he  hoped  they  would  be  able  to  make  good  use  of  it. 

The  resolution  was  unanimously  agreed  to. 
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Tlie  PiiESiDENT  said  he  begged  to  thank  Mr.  BcAvick  for  so  kindly 
proposing,  Mr.  Newall  for  seconding,  and  the  members  for  so  cordially 
receiving  the  resolution.  lie  was  sure  it  would  be  a  gratification  to  them 
all  to  know  that  Sir  Lowthian  Bell  would  succeed  him  in  the  chair.  Sir 
Lowthian's  high  reputation,  not  only  in  Science,  but  also  as  being  largely 
interested  in  coal  mining  and  iron  manufacture,  and  the  high  position 
he  held  as  really  the  greatest  authority  on  the  theory  and  practice 
of  blast  furnace  management,  must  add  credit  to  this  Institute,  the 
interests  of  which  might  safely  be  left  in  his  hands;  and  considering  the 
prominent  position  which  the  President  of  this  Institute  would  hold  next 
year,  when  they  expected  Newcastle  to  be  visited  not  only  by  members  of 
their  profession  from  all  parts  of  England,  but  also  from  abroad,  it  was 
important  that  the  post  should  be  occupied  by  a  man  of  Sir  Lowthian's 
experience,  high  standing,  and  reputation. 

The  meeting  then  concluded. 
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BAROMETER    AXD    THERMOMETER    READINGS 

FOR    188  5. 


By    the    secretary. 


These  readings  have  been  obtained  from  the  observations  of  Kew  and 
GlasgoAV,  and  will  give  a  very  fair  idea  of  the  variations  of  temperature 
and  atmospheric  pressure  in  the  intervening  country,  in  which  most  of 
the  mining  operations  in  this  country  are  carried  on. 

The  Kew  barometer  is  34  feet,  and  the  Glasgow  barometer  180  feet 
above  the  sea  level.  The  latter  readings  have  been  reduced  to  32  feet 
above  the  sea  level,  by  the  addition  of  "150  of  an  inch  to  each  reading, 
and  both  readings  are  reduced  to  32  degrees  Fahrenheit. 

The  fatal  accidents  have  been  obtained  from  the  Inspectors'  reports, 
and  are  printed  across  the  lines,  showing  the  various  readings.  The 
name  of  the  colliery  at  which  the  explosion  took  place  is  given  first,  then 
the  number  of  deaths,  followed  by  the  district  in  which  it  happened. 

At  the  request  of  the  Council  the  exact  readings  at  both  Kew  and 
Glasgow  have  been  published  in  figures. 
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BAROMETER   AND   THERMOMETER   READINGS. 


BAROMETER     READINGS,     &c. 
JANUARY,  1885. 


KEW. 

GLASGOW. 

Barometer. 

Tem- 

PEBATUBE. 

Barometer. 

Tem- 
pebatuee. 

1 

4  A.M. 

30-332 

10  A.M. 

4  p.m. 

10  P.M. 

Maxi- 
mum . 

Miui- 
mum. 

6 

d 
ft 

4  a.m. 

10  A.M. 

4  P.M. 

10  P.M. 

Maxi- 
mum. 

Mini- 
mum. 

30-336 

30-345 

30-324 

33-2 

26-8 

1 

30-092 

30-170 

30-167 

30-174 

41-0 

33-4 

2 

30-258 

30-189 

30-085 

30-025 

35-0 

31-0 

2 

30-121 

30-053 

29-929 

29-888 

39-6 

27-8 

3 

29-974 

29-974 

29-973 

30-025 

35-2 

34-0 

3 

29-829 

29-867 

29-877 

29-898 

35-2 

30-2 

4 

■30-064 

30  134 

30-118 

30-095 

38-6 

34-1 

4 

29-887 

29-842 

29-676 

29-587 

47-0 

32-2 

5 

30-029 

30-018 

30-002 

30-111 

46-3 

38-0 

5 

29-501 

29-742 

29-881 

29-957 

49-0 

34-7 

6 

30-163 

30-212 

30-20J 

30-288 

40-0 

29-2 

6 

29-838 

29-825 

29-901 

29-999 

39-9 

330 

7 

30-334 

30-394 

30-334 

30-272 

40-0 

26-8 

7 

30-018 

30-037 

29-906 

29-761 

42-6 

34-1 

8 

30-099 

29-969 

29-777 

29-755 

41-2 

32-7 

8 

29-470 

29-389 

29-401 

29-414 

44-8 

34-9 

9 

29-745 

29-757 

29-711 

29-698 

39-7 

26-9 

9 

29-406 

29-420 

29-419 

29-364 

39-7 

34-1 

10 

29-6-37 

29-361 

29-089 

29-025 

50-4 

36-8 

10 

29-142 

28-794 

28-615 

28-270 

46-2 

35-8 

11 

28-877 

28-915 

29-031 

29-274 

43-7 

36-8 

11 

28-497 

28-894 

29-195 

29-491 

41-6 

33-8 

12 

29-464 

29-600 

29-657 

29-704 

37-2 

32-4 

12 

29-647 

29-785 

29-834 

29-&61 

38-4 

31-3 

13 

29-648 

29-623 

29-601 

29-656 

35-0 

30-1 

13 

29-825 

29-812 

29-782 

29-856 

35-9 

30-0 

14 

29-687 

29-766 

29-837 

29-798 

36-8 

31-1 

14 

29-919 

30-047 

30-107 

30-218 

36-0 

30-7 

15 

29-869 

29-970 

29-951 

29-993 

37-9 

35-2 

15 

30-238 

30-266 

30-235 

30-298 

38-4 

31-5 

16 

29-997 

30025 

29-965 

29-977 

37-9 

35-2 

16 

30-306 

30-340 

30-319 

30-311 

38-8 

27-4 

17 

29-935 

29-993 

30-038 

30-065 

37-7 

34-5 

17 

30-219 

30-210 

30-148 

30197 

38-2 

34-6 

18 

30-036 

30075 

30-134 

30-195 

37-7 

35-2 

18 

30-203 

30-204 

30-166 

30-167 

39-9 

36-1 

19 

30-206 

30-215 

30-168 

30-144 

36-4 

34-1 

19 

30-157 

30143 

30-109 

30-090 

39-0 

35-0 

20 

30-096 

30-082 

30-025 

30-029 

34-1 

28-2 

20 

30-035 

30-024 

29-986 

30-000 

38-6 

31-3 

21 

29-961 

29-964 

29-927 

29-952 

31-7 

27-1 

21 

29-956 

29-931 

29-859 

29-837 

35-6 

29-3 

22 

29-960 

29-996 

30-004 

30-035 

35-7 

25-4 

22 

29-828 

29-877 

29-841 

29-895 

36-0 

28-8 

23 

30-040 

30-066 

30-032 

30-048 

35-6 

30-5 

23 

29-928 

29-995 

29-984 

29-995 

32-3 

24-9 

24 

30-059 

30-101 

30-102 

30141 

37-2 

30-9 

24 

29-975 

29-991 

29-983 

29-999 

42-6 

30-3 

25 

30-117 

30-126 

30-175 

30-073 

41-9 

27-3 

25 

29-963 

29-926 

29-847 

29-784 

41-0 

33-2 

26 

30-021 

30-003 

29-944 

29-936 

44-0 

28-1 

26 

29-694 

29-679 

29-635 

29-661 

46-0 

38-9 

27 

29-871 

29-818 

29-825 

29-912 

50-1 

41-0 

27 

29-589 

29-524 

29-516 

29-607 

44-5 

39-7 

28 

29'917 

29-823 

29-645 

29-561 

49-8 

43-5 

28 

29-584 

29-240 

29-121 

29-160 

45-9 

38-0 

29 

29-505 

29-485 

29-464 

29-450 

52-4 

47-0 

29 

29-137 

29-095 

29-103 

29-134 

48-9 

39-8 

30 

29-375 

29-287 

29-194 

29110 

61-0 

46-2 

30 

29-021 

28-943 

28-919 

28-900 

47-7 

40-3 

31 

29-099 

29-067 

29-0-23 

29-079 

48-9 

41-2 

31 

28-797 

28-688 

28-425 

28-451 

45-0 

40-7 
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1 

29-069 

29-177 

29-272 

29-269 

48-5 

42-5 

1 

28-563  ! 

28-760 

28-907 

28-974 

42-8 

37-1 

?: 

29-314 

29-217 

29-114 

29-191 

53-0 

42-5 

2 

28-968 

28-864 

28-669 

28-704 

44-2 

35-9 

3 

29-190 

29-212 

29-274 

29-381 

4S-9 

35-0 

3 

28-739  1 

28-877 

29-010 

29-133 

44-0 

36-9 

4 

29-385 

29-376 

29-264 

29-265 

46-3 

32-4 

4 

29-172 

29-169 

29-086 

29-048 

43-0 

35-9 

5 

29-310 

29-318 

29-419 

29-628 

46-8 

33-2 

5 

29-015 

29-048 

29-110 

29-304 

41-5 

35-8 

fi 

29-766 

29-773 

29-647 

29-519 

47-4 

36-4 

6 

29-406 

29-302 

29-106 

28-919 

47-8 

34-9 

7 

29-552 

29-621 

29-743 

29-893 

50-4 

39-8 

7 

29-046 

29-186 

29-301 

29-442 

46-4 

35-9 

8 

29-891 

29-769 

29-563 

29-314 

51-1 

39-9 

8 

29-370 

29-058 

29-061 

29-065 

50-0 

37-3 

9 

29-458 

29-632 

29-690 

29-801 

46-5 

37-2 

9 

29-185 

29-188 

29-381 

29-506 

42-6 

34-5 

in 

29-897 

29-993 

29-997 

29-991 

48-3 

34-0 

10 

29-676 

29-782 

29-688 

29-488 

43-7 

33-9 

11 

29-959 

29-965 

30-024 

30-097 

53-7 

43-4 

11 

29-440 

29-671 

29-800 

29-754 

50-2 

41-9 

1? 

30-114 

30-124 

30-097 

30-098 

561 

41-1 

12 

29-698 

29-685 

29-675 

29-735 

49-9 

43-0 

13 

30-063 

30-023 

29-926 

29-855 

50-3 

46-1 

13 

29-706 

29-567 

29-443 

29-418 

48-1 

42-9 

14 

29-762 

29-741 

29-696 

29-702 

49-5 

46-9 

14 

29-491 

29-609 

29-603 

29-597 

48-4 

33-7 

15 

29-611 

29-506 

29-430 

29-373 

51-4 

46-1 

15 

29-537 

29-434 

29-336 

29-310 

39-1 

30-5 

16 

29-326 

29-255 

29-129 

29-049 

51-1 

48-7 

16 

29-350 

29-350 

29-281 

29-289 

36-9 

32-1 

17 

29-267 

29-305 

29-331 

29-379 

49-3 

36-5 

17 

29-331 

29-365 

29-347 

29-350 

41-3 

27-8 

18 

29-445 

29-592 

29-678 

29-753 

43-7 

34-5 

18 

29-334 

29-368 

29-433 

29-574 

39-0 

31-2 

19 

29-758 

29-792 

29-751 

29-738 

42-2 

30-5 

19 

29-641 

29-684 

29-703 

29-777 

39-4 

27-7 

"0 

29-650 

29-648 

29-722 

29-902 

39-3 

31-8 

20 

29-779 

29-824 

29-853 

29-923 

37-5 

27-4 

^1 

30-062 

30-176 

30-141 

30-052 

41-2 

27-6 

21 

29-934 

29-890 

29-650 

29-444 

36-8 

27-6 

22 

29-906 

29-821 

29-775 

29-847 

45-1 

361 

22 

29-200 

29-166 

29-323 

29-476 

45-4 

33-0 

^3 

29-984 

29-988 

29-908 

29-880 

50-2 

34-4 

23 

29-550 

29-443 

29-458 

29-386 

49-5 

37-1 

^4 

29-787 

29-749 

29-705 

29-731 

65-1 

43-2 

24 

29-339 

29-345 

29-295 

29-347 

49-9 

45-0 

?5 

29-782 

29-872 

29-987 

30-094 

50-4 

43-0 

25 

29-494 

29-676 

29-743 

29-783 

48-1 

42-1 

?,Ci 

30-113 

30-082 

29-975 

29-924 

60-3 

42-1 

26 

29-682 

29-486 

29-458 

29-459 

51-6 

42-4 

?^ 

29-845 

29-803 

29-770 

29-815 

52-7 

46-3 

27 

29-449 

29-464 

29-454 

29-501 

52-1 

46-3 

28 

29-841 

29-908 

29-951 

30-079 

52-4 

41-6 

28 

29-674 

29-873 

29-991 

30-100 

48-3 

33-3 

BAROMETER  AND  THERMOMETER  READINGS. 
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B  A  U  O  SI  E  T  E  R     READINGS,    &  c , 
MAECH,  1885. 


KEW. 

GLASGOW. 

Barometer. 

Tem- 

Barometer. 

Tem- 

perature. 

perature. 

6 

C3 

■1  A.M. 

10  a.m. 

4  P.M. 

10  P.M. 

Maxi- 

Miui- 

4  A.M. 

10  A.M. 

4  P.M. 

10  P.M. 

Maxi- 

Miiii- 

P 
1 

iiuun. 

immi. 

P, 

UlUUl 

iiniui . 

30-102 

30-154 

30-114 

30-l'37 

43-9 

33-3 

1 

30-139 

30-187 

30-129 

30-115 

39-2 

29-6 

f) 

30-090 

30-090 

29-985 

29-93J 

45-4 

30-0 

2 

30-031 

29-066 

29-842 

29-753 

40-8 

33-3 

3 

29-785 

29-651 

29-4-20 

29-282 

45-4 

36-2 

3 

29-644 

29-521 

29-355 

29-298 

473 

36-5 

i 

29-302 

29-398 

29-476 

29-528 

53-3 

40-1 

4 

29-268 

29-378 

29-471 

29-561 

46-3 

37-4 

5 

29-536 

29-545 

29-410 

29-350 

52-4 

37-0 

5 

29-540 

29-552 

29-479 

29-463 

410 

32-5 

6 

29-J24 

29-241 

29-386 

29-686 

43-3 

35-5 

6 

29-459 

29-558 

29-671 

29-851 

43-1 

31-4 

7 

29-847 

29-973 

29-974 

29-996 

41-6 

28-4 

7 

29-8:i6 

29-820 

29-762 

29-782 

4o-l 

29-2 

8 

29-927 

29-884 

29-813 

29-837 

44-6 

25-0 

8 

29-74-4 

29-786 

29-834 

30-015 

45-5 

34-8 

9 

29-891 

29-979 

30-022 

30-177 

42-2 

32-9 

9 

30-095 

30-159 

30-175 

30-244 

40-3 

29-0 

10 

30-233 

3U-314 

30-356 

30-428 

40-7 

30-8 

10 

30-301 

30-373 

30-386 

30-436 

46-1 

33-8 

11 

30-449 

30-486 

30-465 

30-463 

42-4 

34-4 

11 

30-4-29 

30-481 

30-467 

30-479 

45-6 

32-9 

12 

30-451 

30-451 

30-43.3 

30-451 

48-9 

30-3 

12 

30-471 

30-531 

30-509 

30-538 

48-0 

34-5 

13 

30-435 

30-463 

30-450 

30-525 

47-1 

39-4 

13 

30-637 

30-571 

30-532 

30-553 

46-9 

o6-6 

14 

30-524 

30-561 

30-528 

30-541 

47-5 

32-9 

14 

30-553 

30-557 

30-491 

30-477 

49-1 

29-9 

15 

30-493 

30-495 

30-419 

30-4;35 

47-7 

27-5 

15 

30-386 

30-358 

30-265 

30-222 

48-8 

38-0 

16 

30-4:57 

30-451 

30-381 

30-307 

50-4 

29-0 

16 

30-213 

30  243 

30-181 

30-078 

47-1 

35-7 

17 

30-353 

30-119 

29-893 

29-805 

53-6 

33-4 

17 

29-824 

29-613 

29-467 

29-445 

46-4 

38-5 

18 

29-647 

29-572 

29-604 

29-776 

47-0 

36-3 

18 

29-383 

29-623 

29-770 

29-975 

43-2 

34-1 

19 

29-898 

30-068 

30-042 

30029 

43-7 

33-2 

19 

29-995 

29-984 

29-832 

29-715 

4t-.6 

30-9 

20 

29-902 

29-796 

29-671 

29-771 

59-0 

33-0 

20 

29-493 

29-502 

29-494 

29-577 

48-5 

35-4 

21 

29-799 

29-839 

29-832 

29-852 

47-3 

41-1 

21 

29-644 

29-709 

29-705 

29-771 

48-5 

.31-8 

22 

29-769 

29-815 

29-974 

30-140 

42-1 

331 

22 

29-831 

29-976 

30-087 

30  235 

45-2 

32-1 

23 

30-224 

30-298 

30-277 

30-291 

42-6 

31-4 

23 

30-283 

30-288 

30-183 

30-122 

4  J -2 

26-3 

24 

30-263 

30-255 

30-188 

30-219 

44-2 

31-3 

24 

30-000 

29-942 

29-941 

30-057 

420 

37-9 

25 

30-218 

30-267 

30-219 

30-209 

46-3 

35-1 

25 

30-079 

30-049 

29-909 

29-847 

43-5 

34-8 

26 

30154 

30-118 

29  921 

29-759 

48-4 

38-0 

26 

29-816 

29-622 

29-390 

29-200 

49-1 

42-4 

27 

29-752 

^9-8.55 

29-982 

30-180 

50-1 

38-0 

27 

29-4-22 

29-724 

29915 

30-124 

45-6 

35-0 

28 

30-271 

30-3d3 

30-256 

30-219 

50-2 

331 

28 

30-192 

30-190 

30  055 

29-889 

47-3 

33-5 

29 

30-125 

30-028 

29-917 

29-978 

51-1 

33-2 

29 

29-659 

29-615 

29-704 

29-983 

46-2 

36-1 

30 

30-015 

30-129 

30-177 

30-289 

52-9 

38-0 

30 

30-122 

30-2b3 

30-292 

30-321 

44-8 

34-9 

31 

30-304 

30-293 

30-165 

30-095 

52-8 

30-9 

31 

30-235 

80-096 

29-867 

29-619 

44-8 

32-6 

APRIL,  1885. 


1 

29-948 

29-822 

29-695 

29-776 

57-0 

34-6 

1 

29-500 

29-661 

29-702 

29-720 

45-5 

33-6 

2 

29-856 

29-956 

29-999 

.30-121 

49-2 

a5-9 

2 

29-740 

29-895 

29-981 

30-079 

44-1 

30-0 

3 

30-168 

30-200 

30-129 

30-132 

48-7 

32-4 

3 

30-083 

.-50-124 

30-084 

30-054 

49-0 

35-8 

4 

30-047 

29-981 

29-874 

29-866 

47-2 

31-2 

4 

29-9«7 

29-931 

29-852 

29-795 

49-4 

.32-1 

5 

29-792 

29-729 

29-568 

29-396 

51-0 

30-3 

5 

29-722 

29-625 

29-462 

29-374 

45-2 

34-0 

6 

29-198 

29-215 

29-224 

29-299 

51-5 

38-7 

6 

29-334 

29-2:55 

29-343 

29-450 

49-3 

34-8 

7 

29-326 

29-406 

29-435 

29-533 

51-6 

35-1 

7 

29-554 

29-658 

29-710 

29-794 

45  9 

38-5 

8 

29-515 

29-548 

29-553 

29-570 

43-3 

39-2 

8 

29-794 

29-794 

29-752 

29-770 

48-1 

33-7 

9 

29-552 

29-562 

29-545 

29-561 

46-0 

39-6 

9 

29-770 

29-700 

29-585 

29-634 

47-4 

31-8 

10 

29-527 

29-519 

29-525 

29-557 

44-8 

38-2 

10 

29-624 

29-656 

29-672 

29-697 

461 

38-0 

11 

29-567 

29-614 

29-649 

29-726 

47-6 

38-1 

11 

29-675 

29-730 

29-815 

29-884 

45-4 

36-9 

12 

29-73^ 

29-769 

29-754 

29-816 

50-1 

38-1 

12 

29-882 

29-907 

29-877 

29-920 

49-1 

37-8 

13 

29-848 

29-907 

29-867 

29-895 

49-2 

36-4 

13 

29-930 

29-9.55 

29-907 

29-9:52 

49-7 

35-8 

14 

29-871 

29-809 

29-8-28 

29-859 

48-3 

35-4 

14 

29-936 

29-892 

29-846 

29-853 

47-6 

43-7 

15 

29-841 

29-842 

29-750 

29-712 

52-7 

40-1 

15 

29-843 

29-837 

29-768 

29-820 

50-0 

37-8 

16 

29-645 

29-705 

29-761 

29-862 

51-8 

41-2 

16 

29-855 

29-925 

29-975 

30-055 

47-0 

36-5 

17 

29-925 

29-994 

29-990 

30064 

60-2 

41-1 

17 

30-069 

30-055 

29-987 

30035 

56-2 

34-5 

18 

30-066 

30-118 

30122 

30-212 

64-2 

3S-2 

18 

30-072 

30-125 

30-148 

30-198 

59-3 

37-7 

19 

30-246 

30-291 

30-230 

30-249 

66-0 

39-9 

19 

30-185 

30-159 

30-087 

29-996 

60-0 

40-6 

20 

30-243 

30-244 

30-161 

30161 

70-2 

38-1 

20 

29-968 

30-024 

29-879 

29-819 

55-0 

45-9 

21 

30-1.36 

30-104 

30-018 

29-998 

68-0 

42-3 

21 

29-752 

29-785 

29-800 

29-749 

55-0 

45  6 

22 

29-890 

29-801 

29-746 

29-689 

64-0 

460 

22 

29-700 

29-630 

29-570 

29-530 

61-9 

44-4 

23 

29-652 

29-627 

29-616 

29-603 

57-5 

44-6 

23 

29-550 

29-540 

29-510 

29-5-20 

54-5 

37-9 

24 

29-657 

29-600 

29-431 

29-322 

59-1 

43-7 

24 

29-480 

29-350 

29-2:50 

29-150 

50-9 

40 '6 

25 

29-232 

29-329 

29-378 

29-472 

59-8 

49-4 

25 

28-880 

28-950 

28-948 

29-047 

56-0 

46-0 

26 

29-504 

29-564 

29.568 

29-623 

60-1 

47-4 

26 

29-157 

29-268 

29:542 

29-429 

57  3 

46-2 

27 

29-620 

29-697 

29-697 

29-739 

62-2 

42-0 

27 

29-480 

29-581 

29-595 

29-583 

56-1 

450 

28 

29-736 

29-704 

29-610 

29-565 

63-1 

41-3 

28 

29-517 

29-470 

•29-405 

29-446 

52-2 

46-6 

29 

29-550 

29-6-22 

29-720 

29-804 

58-1 

460 

29 

29-483 

29-540 

29-597 

29-724 

66-9 

45-8 

30 

29-820 

29-836 

29-768 

29-736 

59-8 

41-0 

30 

29-771 

29-786 

29-695 

29-658 

59-1 

41-7 

250 


BAROMETEU  A^B  THERMOMETER  READINGS. 


BAROIMETER     READINGS,     &;C. 
MAY,  1885. 


KEW. 

GLASGOW. 

Barometek. 

Tem- 

Barometer. 

Tem- 

PERAIUEE. 

perature. 

6 

4  A.M. 

10  A.M. 

4  P.M. 

10  P.M. 

Maxi- 

Miui- 

6 

-g 

4  A.M. 

10  a.m. 

4  P.M. 

10  P.M. 

Maxi- 

Miui- 

1 

uium. 

llllHU. 

R 

mum. 

mura. 
43-6 

29-672 

29-595 

29-516 

29-584 

57-3 

42-5 

1 

29-558 

29-461 

29-398 

29-418 

50-4 

2 

29-595 

29-612 

29-610 

29-644 

57-1 

41-7 

2 

29-436 

29-500 

29-538 

29-642 

55-9 

42-0 

3 

29-646 

29-648 

29-592 

29-594 

59-3 

37-4 

3 

29-690 

29-766 

29-792 

29-813 

50-9 

39-6 

4 

29-523 

29-499 

29-460 

29-489 

52-5 

43-8 

4 

29-744 

29-707 

29-678 

29-676 

48-2 

37-9 

5 

29-480 

29-520 

29-498 

29-444. 

46-5 

43-4 

5 

29-609 

29-560 

29-478 

29-491 

49-2 

33-3 

6 

29-358 

29-315 

29-319 

29-426 

54-1 

41-1 

6 

29-451 

29-440 

29-431 

29-374 

47-9 

34-5 

7 

29-517 

29-629 

29-727 

29-799 

51-5 

35-1 

7 

29-513 

29-528 

29-563 

29-660 

48-0 

32-3 

8 

29-842 

29-920 

29-913 

29-941 

52-1 

33-4 

8 

29-676 

29-703 

29-667 

21J-608 

45-1 

32-2 

9 

29-924 

29  921 

29-875 

29-883 

55-4 

36-9 

9 

29-570 

29-621 

29-521 

29-405 

49-8 

36-4 

10 

29-853 

29-902 

29-886 

29-900 

54-4 

41-1 

10 

29-599 

29-654 

29-715 

29-819 

50-0 

34-3 

11 

29-8S5 

30-027 

30-117 

30-181 

54-0 

39-2 

11 

29-942 

30-026 

30-054 

30-131 

52-1 

37-1 

12 

— 

30-153 

30025 

29-983 

54-9 

35-2 

12 

30-117 

30-062 

29-949 

29-851 

48-1 

33-8 

13 

29-879 

29-838 

29-770 

29-792 

54-5 

35-9 

13 

29-785 

29-736 

29-824 

29-864 

54-3 

37-5 

14 

29-775 

29-818 

29-805 

29-896 

54-9 

37-0 

14 

29-804 

29-771 

29-748 

29-834 

53-7 

36-5 

15 

29-921 

29  947 

29-905 

29-897 

57-4 

40-4 

15 

29-811 

29-755 

29-664 

29-553 

51-9 

37-4 

16 

29-822 

29-802 

29-747 

29-764 

67-6 

42-5 

16 

29-514 

29-555 

29-573 

29-614 

53-7 

37-1 

17 

29-711 

29-713 

29-710 

29-795 

53-9 

42-0 

17 

29-682 

29-786 

29-838 

29-898 

53-5 

42-5 

18 

29-820 

29-876 

29-893 

29-986 

5i-8 

39-1 

18 

29-890 

29-911 

29-895 

29-907 

50-4 

38-6 

19 

29-998 

'29-9t6 

29-890 

29-806 

56-2 

39-8 

19 

29-870 

29-814 

29-715 

29-644 

53-2 

36-8 

20 

29-653 

29-520 

29-344 

29-351 

54-4 

43-0 

20 

29-479 

29-367 

29-341 

29-176 

47-2 

42-0 

21 

29-331 

29-351 

29-346 

29 -42 J 

58-1 

40-2 

21 

29-095 

;i9-094 

29-092 

29-132 

49-3 

41-3 

22 

29-332 

29-126 

29  413 

29-520 

54-9 

45-7 

22 

29-151 

29-178 

29-2-25 

29  334 

54-9 

42-9 

23 

29-549 

29-641 

29-713 

29  804 

57-1 

43-5 

23 

29-388 

29-415 

29-469 

29-579 

56-8 

37-4 

24 

29-825 

29-930 

29  978 

30-046 

60-6 

44-1 

24 

29-645 

29-739 

29  789 

29-835 

57-0 

43-9 

25 

30051 

30029 

29-891 

29-823 

54-0 

41-9 

25 

29-830 

29-803 

29-742 

29  762 

59-8 

41-4 

26 

29-836 

29-919 

29-932 

29-955 

64-0 

51-8 

20 

29-762 

29-761 

29-752 

29-747 

58-5 

41-8 

27 

29-937 

29-957 

29-920 

29-886 

69-6 

52-6 

27 

29-700 

29-694 

29664 

29-647 

.56-6 

48-3 

28 

29-820 

29  863 

29-858 

29-872 

70-3 

5i-4 

28 

29-581 

29-544 

29-518 

29-555 

60-5 

52-0 

29 

29-866 

29-901 

29-938 

30-018 

63-4 

50-1 

29 

29-562 

29-555 

29-534 

29  646 

60-1 

45-8 

30 

30-033 

30-042 

30-016 

29-997 

62-1 

48-3 

30 

29-672 

29-7;^7 

29  742 

29-772 

56-4 

44-0 

31 

29-986 

30-054 

30-089 

30-145 

63-2 

50-3 

31 

29-762 

29-858 

29-944 

30-033 

56-1 

470 

JUNE,  1885. 


1 

30-175 

30-228 

30-248 

30-282 

64-4 

45-9 

1 

30-089 

2 

30-276 

30-262 

30-167 

30-160 

73-4 

44-1 

2 

30-080 

3 

30-104 

30-064 

29-936 

29-886 

73-5 

45-8 

3 

29-889 

4 

29-838 

29-850 

29-S32 

29-!s37 

79-5 

50-1 

4 

29-649 

5 

29-773 

29-781 

29-858 

29-920 

72-6 

58-0 

5 

29-483 

6 

29-924 

29-974 

29-967 

2y-958 

63-1 

58-3 

6 

29-874 

7 

29-838 

29-824 

29-824 

29-824 

69-9 

57-2 

7 

i9-853 

8 

29-759 

29-706 

29-697 

29-772 

62-5 

53-2 

8 

29-869 

9 

29-845 

29-962 

30-028 

30-124 

61-6 

50-2 

9 

29-979 

10 

30-208 

30-313 

30-302 

30-340 

60-3 

46-0 

10 

30-270 

11 

30-350 

30-358 

30-334 

30-345 

63-4 

41-7 

11 

30-240 

12 

30-343 

30-330 

30-241 

30-288 

72-1 

45-0 

12 

30-169 

13 

30-204 

30-176 

30-092 

30-099 

74-2 

48-5 

13 

30-098 

14 

30-064 

30-066 

29-997 

30-018 

75-4 

49-3 

14 

30-074 

15 

30-021 

30056 

30-026 

30-061 

66-3 

52-1 

15 

30-110 

16 

30-041 

30-004 

29-902 

29-881 

63-4 

52-5 

16 

30-019 

17 

29-805 

29-812 

29-850 

29-907 

60-0 

48-5 

17 

29-845 

18 

29-925 

29-953 

29-897 

29-867 

69-1 

42-1 

18 

29-777 

19 

29-808 

29-791 

29-739 

29-661 

66-0 

53-7 

19 

29-520 

20 

29-519 

29-492 

29-525 

29-646 

63-0 

50-2 

20 

29-172 

21 

29-888 

29-935 

30-027 

30-108 

62-4 

47-7 

21 

29-626 

22 

30-117 

30-104 

30-065 

30-036 

63-4 

47-7 

22 

29-875 

23 

30-027 

30-033 

30-018 

29-996 

64-5 

55-2 

23 

29  858 

24 

29-919 

29-861 

29-811 

29-870 

78-9 

55-6 

24 

29-902 

25 

29  881 

29-964 

30-020 

30-102 

59-6 

52-1 

25 

30-032 

26 

30-115 

30-187 

30-178 

30-244 

61-1 

48-4 

26 

30-256 

27 

30-238 

30-255 

30-178 

30-182 

68-3 

46-5 

27 

30-259 

28 

30-138 

30-088 

29-993 

29-982 

69-2 

48-3 

28 

30-188 

29 

29-931 

29-938 

29-909 

29-957 

65-7 

51-6 

29 

29-970 

30 

29-947 

29-977 

29-986 

29-959 

65-2 

51-9 

30 

29-990 

30-155 

30-026 
29-834 
29-702 
29-535 
29-970 
29-829 
29-907 
29-995 
30-312 
30-233 
30-151 
30-107 
30-124 
30-129 
29-967 
29-832 
29-735 
29-533 
29-183 
29-750 
29-798 
29-894 
29-922 
30-097 
30-274 
30-265 
30-139 
29-978 
30-004 


30-164 

30-008 
29-726 
29-632 
29-666 
29-949 
29-822 
29-899 
30-051 
30-258 
30-234 
30-116 
30-094 
30-088 
30-065 
29-899 
29-797 
29-565 
29-407 
29-292 
29-836 
29-780 
29-883 
29-917 
30-108 
30-227 
30-211 
30-032 
29-980 
30-000 


30-169 

29-986 
29-666 
29-565 
29-789 
29-918 
29-858 
29-974 
30-199 
30-252 
30-219 
30-125 
30-093 
30-107 
30-065 
29-893 
29-807 
29-477 
29-241 
29-505 
29-927 
29-813 
29  920 
29-985 
30-234 
30-251 
30-214 
29  980 
30-002 
30-036 


61-1 

43-7 

57-7 

47-5 

66-1 

52-3 

C5-2 

52-9 

59-1 

47-9 

61-6 

44-6 

58-0 

47-3 

58-8 

46-5 

68-9 

39-0 

61-5 

38-7 

69-5 

48-3 

67-2 

53-3 

64-9 

52-3 

64-8 

50-0 

62-2 

45-9 

58-1 

48-2 

62-9 

50-0 

55-7 

48-0 

57-5 

49-5 

57-2 

47-6 

58-1 

45-6 

55-9 

46-7 

59-8 

42-2 

61-7 

47-5 

62-9 

41-8 

64-0 

51-0 

72-4 

47-4 

76-9 

55-9 

66-6 

52-6 

62-8 

43-0 
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BAROMETER      READINGS,     kc 
JULY,  1885. 


KEW. 

GLASGOW. 

Barometer. 

Tem- 

peuatuuk. 

Barometer. 

Tem- 
perature. 

6 

4  A.M. 

10  A.M. 

4  P.M. 

10  P.M. 

Maxi- 

Mini. 

6 

73 

4  A.M. 

10  a.m. 

4  P.M. 

10  P.M. 

Maxi- 

Miui- 

1 

30-098 

30-150 

uuini. 

UlllUI. 

50-2 

1 

mum. 
60-6 

muui 

30-094 

30-128 

68-4 

30-004 

29-996 

30-008 

30-056 

43-6 

30159 

30-169 

30  137 

30145 

69-9 

47-6 

2 

30-062 

30-082 

30-038 

30045 

66-6 

45-9 

3 

30119 

30-133 

30119 

30-127 

74-7 

551 

3 

30-036 

30-050 

30052 

30-067 

64-6 

49-4 

4 

30121 

30-158 

30-167 

30-211 

75-4 

51-5 

4 

30-075 

30-120 

30-148 

30-144 

03-1 

49-6 

5 

30-212 

30-212 

30- 165 

30- 189 

77-0 

56-8 

5 

30-106 

30-080 

30-044 

30046 

69-2 

53-9 

6 

30-20tJ 

30-226 

30-171 

30-178 

78-9 

555 

6 

30-026 

30051 

29-969 

29-876 

67-7 

55-9 

7 

30-l(J2 

30-152 

30-115 

30-081 

70-8 

54-5 

7 

29-775 

29-740 

29-710 

29-679 

60-1 

540 

8 

30039 

30-045 

30-072 

30  120 

68-6 

54-3 

8 

29-682 

29-810 

29-897 

29-973 

60-3 

50-3 

9 

30- J  41 

30-181 

30-156 

30-164 

73-9 

47-9 

9 

•29-984 

29-982 

29-986 

30-003 

60-3 

45-7 

10 

30-142 

30140 

30-0^9 

30-089 

79-2 

48-5 

10 

29-960 

29-977 

29-982 

29-985 

66-2 

55-0 

U 

30-071 

3U-041 

29-970 

30-000 

78-4 

50-4 

11 

29-896 

29-781 

29-744 

29-b65 

61-4 

48-4 

12 

29-986 

30-017 

30-011 

30029 

68-4 

57-3 

12 

29-898 

29-941 

29-935 

29-959 

61-4 

44-8 

13 

30007 

30-017 

29-996 

30-052 

70-2 

54-0 

13 

29-929 

29-951 

29-954 

30-025 

61-0 

47-6 

U 

30-091 

30-174 

30-164 

30-197 

70-1 

48-7 

14 

30-056 

30-095 

30-084 

30030 

58-9 

43-1 

15 

30195 

30190 

30-121 

30-103 

71-7 

49-5 

15 

29-903 

29-e58 

29-866 

29-903 

61-9 

50-3 

16 

30055 

tiO-OUO 

29-976 

29-992 

68-2 

54-4 

16 

29-889 

29-860 

29-820 

29-821 

58-3 

48-1 

17 

29-974 

29-997 

29-988 

29-989 

68-5 

54-3 

17 

29-S26 

29-832 

29-835 

29-838 

58-9 

46-7 

18 

29-957 

29-934 

29-887 

1:9-848 

69-2 

53-2 

18 

29-758 

29-650 

29-584 

29-548 

58-2 

50-1 

19 

29-815 

29-835 

29-838 

29-852 

70-6 

60-2 

19 

29-592 

29-672 

29-6;9 

29-693 

61-0 

.46-1 

20 

29-818 

29-861 

29-955 

30-080 

72-0 

59-2 

20 

29-719 

29-817 

29-b78 

30-006 

66-2 

44-6 

21 

30-150 

30-264 

30-314 

30-3b7 

71-5 

57-2 

21 

30-140 

30-251 

30-272 

30-322 

66-1 

49-9 

22 

30-3y2 

30-396 

30-355 

30-356 

73-3 

54-5 

22 

30-320 

30-3-26 

30-312 

30-310 

69-3 

51-7 

23 

30-338 

30-322 

30-244 

30-256 

72-5 

48-4 

23 

30-272 

30-270 

HO-234 

30-230 

76-1 

54-2 

24 

30-248 

30-250 

30-222 

30-243 

74-3 

4«-3 

24 

30-220 

30-208 

30-198 

30-209 

79-0 

52-5 

25 

30-254 

30-280 

30-259 

30-276 

83-9 

49-4 

25 

30-210 

30-212 

30-214 

30-248 

76-8 

60-2 

2ti 

30-277 

30-2o9 

30-238 

30-260 

85-4 

57-2 

26 

30-274 

30-299 

30-278 

30-296 

68-8 

57-4 

27 

30-254 

30-252 

30-210 

30-269 

82-0 

58-9 

27 

30-318 

30-3iO 

30-330 

30-346 

67-9 

54-4 

28 

30-293 

30-311 

311-274 

30-296 

70-5 

58-2 

28 

30-356 

30-360 

30-310 

30-319 

712 

49-7 

29 

30-277 

30-286 

30-248 

30-239 

65-6 

58-0 

29 

30-322 

30-316 

3U-270 

30-292 

75-0 

51-3 

30 

30-241 

30-251 

30-203 

30-212 

69-5 

57-2 

30 

30-288 

30-270 

30-210 

30-247 

77-2 

51-7 

31 

30-203 

30-204 

30131 

30-134 

59-5 

54-1 

31 

30-236 

30-225 

30-158 

30-185 

70-4 

51-6 

AUGUST,  1885. 


1 

30-113 

2 

30-042 

3 

30-051 

4 

29-907 

5 

29-889  i 

6 

29-931 

7 

29-770  : 

8 

29-809 

9 

29-947 

10 

29-656 

11 

29-658 

12 

29-834 

13 

29-760 

14 

30-279 

15 

30-284 

16 

30-239 

17 

30-110  , 

18 

30-047  ! 

19 

30-085 

20 

29-921  j 

21 

29-849  1 

22 

29-812 

23 

29-822 

24 

29-942 

25 

29-992 

26 

29-964 

27 

29-912 

28 

29-806 

29 

29-809 

30 

29-890 

31 

30-042 

.30-095 
30-051 
30-027 
29-890 
29-926 
29-921 
29-747 
29-866 
29-940 
29-636 
29-719 
29-794 
29-963 
30-308 
30-301 
30-236 
30-095 
30-075 
30-077 
29-887 
29-837 
29-811 
29-862 
29-986 
30-011 
29-965 
29-899 
29-810 
29-805 
29-972 
30014 


30-067 
30-031 
29-965 
29-866 
29-935 
29-850 
29-732 
29-908 
29-858 
29-617 
29-761 
29-687 
30-114 
30-267 
3U-241 
30166 
30-026 
30-081 
30-032 
29-853 
29-821 
29-796 
29-8»7 
29-967 
29-954 
29-932 
29-873 
29-805 
29-772 
29-013 
29-985 


30-068 

65-2 

65-2 

1 

30-158 

30-153 

30-096 

30-144 

77-4 

48-9 

30-054 

66-9 

54-3 

2 

30-118 

30-097 

30-057 

30-054 

64-2 

54-0 

29-945 

63-6 

51-7 

3 

30-010 

29-955 

29-958 

30-004 

58-9 

49-0 

29-886 

68-8 

50-2 

4 

29-992 

30-006 

29-982 

30-027 

64-6 

46-7 

29-948 

66-9 

51-1 

5 

30-023 

30-014 

30-008 

30-000 

61-8 

50-3 

29-S24 

71-9 

51-7 

6 

29-954 

29-942 

29-897 

29-862 

62-6 

48-5 

29-773 

67-2 

49-2 

7 

29-792 

29-738 

29-670 

29-704 

68-4 

54-9 

29-956 

68-8 

53-1 

8 

29-674 

29-744 

29-744 

29-824 

60-9 

52-7 

29-750 

71-7 

55-4 

9 

29-810 

29-550 

29-420 

29-340 

61-2 

53-5 

29-624 

71-6 

57-4 

10 

29-296 

29-160 

29-025 

29-U78 

61-1 

531 

29-836 

09-2 

56-2 

11 

29-238 

29-335 

29-480 

29-576 

59-1 

47-8 

29-686 

67-3 

53-5 

12 

29-549 

29-440 

29-299 

29-390 

54-3 

46-1 

30-227 

65-4 

47-8 

13 

29-582 

29-807 

29-972 

30-093 

56-0 

43-9 

30-284 

67-1 

42-1 

14 

30-120 

30-155 

30-170 

30-210 

57-9 

41-4 

30-260 

71-9 

43-6 

15 

30-210 

30-201 

30-178 

30-183 

63-5 

40-2 

30-150 

74-7 

49-9 

16 

30-140 

30-119 

30-084 

30-050 

65-2 

40-1 

30-047 

76-4 

48-2 

17 

30-010 

30-022 

30-006 

30023 

63-2 

52-0 

30-096 

63-2 

48-3 

18 

30-051 

30-084 

30-068 

30-119 

66-8 

45-8 

29-997 

61-2 

44-6 

19 

30-120 

30-092 

30-024 

30-032 

71-1 

43-1 

29-867 

63-2 

52-1 

20 

30-009 

30-056 

30-076 

30-072 

63-4 

45-9 

29-842 

60-1 

52-4 

21 

29-972 

29-934 

29-922 

29-932 

68-9 

44-7 

29-820 

64-2 

48-1 

22 

29-890 

29-844 

29-804 

29-807 

69-1 

45-1 

29-927 

62-4 

46-7 

23 

29-820 

29-828 

29-836 

29-862 

62-4 

52-0 

29-994 

70-2 

50-0 

24 

29-868 

29-906 

29-928 

29-943 

61-4 

42-3 

29-970 

70-6 

46-1 

25 

29-956 

30-002 

30-012 

30-048 

58-0 

47-5 

29-945 

68-4 

52-0 

26 

30-058 

30-074 

30-040 

30-056 

58-0 

47-5 

29-861 

61-9 

52-4 

27 

30-024 

30-004 

29-979 

30-0U2 

55-2 

42-9 

29-830 

620 

53-5 

28 

29-984 

30-000 

30-002 

30-035 

54-7 

43-5 

29-850 

64-5 

51-0 

29 

30-039 

30-049 

30-008 

30-002 

54-7 

43-5 

30-063 

59-7 

47-1 

30 

29-998 

30-012 

29-980 

29-995 

54-8 

41-9 

30-013 

59-5 

50-1 

31 

29-976 

29-988 

29-989 

30-069 

60-3 

45-7 
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BAROMETER      READINGS,     &c. 
SEPTEMBEE,  1885. 


KEW. 

GLASGOW. 

Sarometer. 

Tem- 

Barometer. 

Tem- 

perature. 

perature.  1 

6 

i  A.M. 

10  A.M. 

4   P.M. 

10  P.M. 

Maxi- 

Mini- 

6 

4  A.M. 

10  A.M. 

4  P.M. 

10  P.M. 

Maxi- 

Mini- 

Q 

ma  m. 

mum. 

1 

mum. 

mum. 

1 

30032 

30-0S9 

30-080 

30-089 

64-4 

46-5 

30-074 

30-066 

29-993 

29-979 

60-4 

36-3 

2 

30-008 

29-922 

29-807 

29-698 

61-5 

44-1 

2 

29-913 

29-814 

29-624 

29-515 

55-6 

48 

3 

3 

29-6U1 

29-595 

29-578 

29-647 

63-7 

54-4 

3 

29-44U 

29-362 

29-370 

29-390 

63-0 

49 

7 

4 

29-622 

29-569 

*29-513 

»29-545 

67-6 

61-4 

4 

29-388 

29-326 

29-312 

29-348 

63-1 

53 

3 

5 

29-507 

29-541 

29-555 

29-614 

68-1 

53-2 

5 

29-355 

29-362 

29-370 

29-440 

58-0 

49 

8 

6 

29-623 

29-666 

*29-673 

*29-676 

67-2 

50-2 

6 

29-478 

29-512 

29-537 

29-564 

62-8 

45 

0 

7 

*29-562 

•29-551 

*:i9-542 

*29-612 

65-7 

52-7 

7 

29-570 

29-576 

29-592 

29-682 

63-2 

46 

4 

8 

*29-680 

*.;9-760 

29-768 

i:9-690 

67-2 

5-2-9 

8 

29-718 

29-611 

29-489 

29-425 

63-3 

46 

1 

9 

29-606 

29-678 

29-743 

•<:9-8l2 

63-2 

51-2 

9 

29-380 

29-392 

29-418 

29-491 

56-1 

46 

5 

10 

29-859 

29-850 

29-711 

29-455 

60-9 

49-0 

10 

29-490 

29-534 

29-500 

29-462 

56-2 

45 

4 

11 

29  155 

29-501 

29-747 

29-919 

60-7 

48-6 

11 

29-470 

29-548 

29-636 

29-686 

56-5 

39 

8 

12 

29941 

29-920 

29-837 

29-810 

61-5 

48-3 

12 

29-514 

29-268 

29-200 

29-310 

61-1 

47 

4 

13 

29-814 

29-972 

30-OliJ 

30-064 

64-3 

51-5 

13 

29-4-14 

29-542 

29-670 

29-730 

56-8 

49 

3 

14 

30-005 

29-922 

29-918 

29-953 

66-1 

49-2 

14 

29-712  ■ 

29-626 

29-532 

29-562 

57-2 

47 

3 

15 

29-924 

29-M74 

29-766 

29-829 

72-9 

58-5 

15 

29-604 

29-440 

29-420 

29-518 

59-8 

47 

7 

16 

29-957 

.30-063 

30-031 

30-028 

66-3 

54-6 

16 

2y-572 

29-676 

29-800 

29-b77 

58-5 

48 

5 

17 

29-921 

29-919 

29-937 

29-961 

60-2 

48-2 

17 

29-890 

29-946 

29-931 

29-964 

58-4 

40 

5 

18 

29-963 

30-U-22 

30-038 

30-071 

62-4 

46-4 

18 

29-966 

29-988 

29-956 

29-820 

55-0 

38 

1 

19 

30-010 

29-958 

29-879 

29-966 

58.7 

45-2 

19 

29-650 

29-551 

29-596 

29-721 

67-2 

37 

4 

20 

30-022 

30-0S7 

.30-055 

30-0J9 

64-2 

44-2 

20 

29-766 

29-807 

29-608 

29-575 

58-8 

48 

1 

21 

29-972 

30-101 

30-192 

30-285 

62-2 

45-6 

21 

29-848 

30-008 

30-063 

30-080 

55-6 

42 

8 

23 

30-296 

30-325 

30-225 

30-206 

66-1 

41-4 

22 

30-OJO 

30-034 

29-984 

29-891 

57-2 

50 

7 

23 

30-158 

3j-166 

30-134 

30-107 

65-0 

54-7 

23 

29-851 

29-968 

30-002 

29-988 

56-8 

47 

4 

24 

30-076 

30-071 

30-013 

29-975 

56-3 

43-2 

24 

29-947 

29-937 

29-879 

29-858 

52-8 

41 

0 

25 

29-889 

29-856 

29-82 1 

29-863 

52 -"4 

41-8 

25 

29-872 

29-934 

29-894 

29-869 

64-1 

37 

1 

26 

29-865 

29-878 

29-849 

29-895 

51-4 

35-6 

26 

29-886 

29-905 

29-944 

30-008 

52-1 

35 

4 

27 

29-874 

29-872 

29-i?76 

29-935 

49-7 

33-7 

27 

29-979 

29-976 

29-922 

29-902 

52-7 

3U 

6 

28 

29-946 

29-987 

29-947 

29 -886 

53-5 

35-3 

28 

29-817 

29-747 

29-592 

29-477 

52-9 

42 

8 

29 

29-737 

:i9  693 

29-758 

29  807 

60-4 

49-7 

29 

29-464 

29-605 

29-662 

29-610 

54-1 

43 

9 

30 

29-710 

29-606 

29-438 

29-526 

60-1 

48-6 

30 

29-304 

28-977 

28-948 

29-038 

54-5 

43-9 

•  Apptoxlaiate. 


OCTOBER,  1885. 


1 

29-524 

29-571 

29-721 

29-909 

55-7 

46-1 

1 

29-044 

29-159 

29-374 

29-561 

54-9 

431 

2 

29-963 

29-975 

29-867 

29-854 

58-9 

46-3 

2 

29-517 

29-496 

29-128 

29-262 

53-5 

45-0 

3 

29-684 

29-869 

29-903 

29-9g9 

67-3 

42-6 

3 

29-390 

29-545 

29-595 

29-641 

53-1 

42-0 

4 

29-926 

29-899 

29-790 

29-706 

57-5 

40-7 

4 

29-616 

29-513 

29-244 

29-162 

53-0 

40-9 

5 

29-602 

29-668 

29-617 

29-649 

53-3 

43-4 

5 

29-170 

29-242 

29-280 

29-367 

47-9 

S8-5 

6 

29-734 

29-775 

29-536 

29-404 

56-0 

39-5 

6 

29-388 

29-400 

29-304 

29-369 

49-2 

38-0 

7 

29-530 

29-758 

29-857 

29-950 

56-0 

40-2 

7 

29-475 

29  644 

29-704 

29-706 

51-3 

37-3 

8 

29-891 

29-630 

29-450 

29-338 

55-5 

38-1 

8 

29-430 

29-197 

29-134 

29-084 

50-8 

42-0 

9 

29-255 

29-361 

29-390 

29-314 

53-5 

42-3 

9 

29-134 

29-237 

29-218 

29-164 

53-4 

39-4 

10 

29-015 

28-953 

29- J  36 

29-281 

51-4 

45-4 

10 

29-151 

29-270 

29-380 

29-525 

49-7 

38-0 

n 

29-375 

29-514 

29-597 

29-634 

48-6 

37-2 

11 

29-577 

29-596 

29-586 

29-608 

45-7 

30-5 

12 

29-609 

29-648 

29-717 

29-768 

49-4 

33-7 

12 

29-704 

29-840 

29-895 

29-969 

50-1 

.30-0 

13 

29-806 

29-828 

29-824 

29-785 

47-4 

S9-1 

13 

29  951 

29-936 

29-911 

29-916 

53-7 

37-6 

14 

29-738 

29-769 

29-788 

29-886 

47-7 

41-4 

14 

29-858 

29-902 

29-977 

:30-060 

62-9 

40-5 

15 

29-975 

30-120 

30-090 

29-969 

52-6 

441 

15 

30-104 

29-215 

29-272 

30-358 

52-8 

44-9 

16 

29-919 

30-013 

30-084 

30-140 

57-5 

41-9 

16 

30-334 

30-272 

30-191 

30-188 

52-8 

44-5 

17 

30-110 

30-163 

30-103 

30-122 

54-2 

37-6 

17 

30-136 

30-128 

30044 

30-048 

50-5 

46-3 

18 

30-104 

30-142 

30-128 

30-146 

50-0 

42-2 

18 

30-061 

30-144 

30-152 

30-166 

48-0 

43-2 

19 

30-081 

30-075 

29-995 

29-993 

48-1 

41-9 

19 

30-112 

30-102 

30-024 

29-999 

47-5 

37-4 

20 

29-934 

29-947 

29-918 

29-919 

48-4 

40-4 

20 

29  94U 

29-949 

29-850 

29-799 

48-3 

35-5 

21 

29-841 

29-779 

29-662 

29-596 

52-0 

40-1 

21 

29-742 

29-731 

29-688 

29-694 

44-1 

33-7 

22 

29-530 

29-541 

29-551 

29-578 

49-4 

41-3 

22 

29-660 

29-659 

29-644 

29-672 

42-8 

36-1 

23 

29-527 

29-463 

29-313 

29-236 

49-0 

43-8 

23 

29-659 

29-688 

29-651 

29-649 

43-3 

34-8 

24 

29-194 

29-191 

29-283 

29-475 

47-4 

44-2 

24 

29-682 

29-569 

29-543 

29-580 

45-9 

32-1 

25 

29-579 

29-651 

29-610 

29-520 

48-6 

37-0 

25 

29-539 

29-470 

29-299 

29-088 

43-4 

25-5 

26 

29-253 

29-083 

29-169 

29-285 

58-4 

44-8 

26 

28-806 

28-836 

28-912 

28-925 

48-1 

.39-7 

27 

29-183 

29-307 

29-442 

29-500 

50-4 

41-1 

27 

28-924 

28-995 

29-064 

29-096 

450 

36-3 

28 

29-485 

29-484 

29-388 

29-481 

47-6 

39-1 

28 

29-085 

29-111 

29-243 

29-510 

48-1 

39-2 

29 

29-590 

29-784 

29-897 

29-991 

49-3 

38-6 

29 

29-098 

29-898 

29-967 

29-984 

48-0 

36-2 

30 

30-008 

29-977 

29-825 

29-684 

45-8 

32-8 

30 

29-893 

29-823 

29-646 

29-604 

43-8 

34-0 

31 

29-463 

29-334 

29-309 

29-450 

47-3 

40-6 

31 

29-543 

29-599 

29-685 

29-773 

42-7 

370 
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BAROMETER     READINGS,     &c. 
NOVEMBER,  1885. 


KEW. 

GLASGOW. 

Barometer. 

Tem- 

Barometer. 

Te 

M-          1 

perature. 

perature.  I 

i 

4  a.m. 

10  A.M. 

4  P.M. 

lOr.M. 

Maxi- 

Miui- 

4  A.M. 

10  a.m. 

4  P.M. 

10  P.M. 

Maxi- 

Mini- 

1 

mum. 

iijum 

1 

mum. 

mum. 

29-663 

29-882 

29-998 

30-078 

4S-6 

37-6 

29-804 

29-797 

29-748 

29-754 

50-0 

36-0 

2 

30079 

30-117 

30104 

30-102 

53-8 

38-4 

2 

29-745 

29-823 

29-742 

29-672 

53-2 

48-9 

3 

30048 

30-036 

29-979 

29038 

52-3 

4G-4 

3 

29-588 

29-5-56 

29-484 

29-503 

56-8 

48-0 

4 

29-846 

29-S17 

29-855 

29-848 

52-4 

.38-9 

4 

29-601 

29-648 

29-536 

29-4<34 

49-8 

38-6 

5 

29-732 

29GU7 

29-652 

29-885 

47-4 

3S-7 

5 

29-390 

29-427 

29-623 

29-791 

43-3 

35-8 

6 

30-057 

30-188 

30-332 

30-288 

48-4 

32-9 

6 

29-878 

29-928 

29-914 

29-957 

50-2 

341 

7 

30-294 

30-3-20 

30-305 

30-321 

52-0 

3S-2 

7 

29-974 

30-048 

30-064 

30-083 

53-8 

48-5 

8 

.•%-315 

30-330 

30-287 

30-292 

45-2 

32-0 

8 

30-098 

30-151 

30-163 

30-198 

51-3 

47-7 

9 

30-.'52 

30-270 

30-254 

30-265 

4G-0 

43-3 

9 

30-212 

30-256 

30-253 

30-276 

49-7 

39-9 

10 

30-255 

30-280 

30-259 

30-267 

47-4 

43-4 

10 

30-262 

30-286 

30-268 

30-265 

44-8 

41-3 

11 

30-248 

30-254 

30-230 

30-225 

45-9 

41-7 

11 

30-2:35 

30-243 

30-210 

30-205 

45-0 

40-6 

12 

30-196 

30-190 

30-128 

30-106 

44-0 

42-2 

12 

30-1.52 

30-116 

30-007 

29-907 

45-2 

39-3 

13 

30-049 

30-(X)0 

29-904 

29-853 

48-3 

42-2 

13 

29-728 

29-643 

29-578 

29-554 

47-1 

39-3 

U 

29-765 

29-700 

29-fi50 

29-718 

47-5 

40-4 

14 

29-564 

29-623 

29-689 

29-834 

43-3 

32-3 

15 

29-877 

30-U61 

30-178 

30-291 

42-3 

31-3 

15 

29-966 

30119 

30-296 

30-269 

35-5 

27-6 

16 

30-317 

30-368 

30-348 

30-371 

4:3-0 

31-1 

16 

30-299 

30-334 

30-296 

30-335 

36-9 

22-8 

17 

30-325 

30-265 

30-135 

30-070 

41-2 

32-8 

17 

30-.304 

30-269 

30-190 

30-142 

,37-1 

22-5 

IS 

29-967 

29-942 

29-S69 

29-870 

40-8 

32-8 

18 

30-054 

30-034 

29-982 

30-030 

34-5 

19-1 

19 

29-865 

29-916 

29-91 1 

29-948 

45-3 

34-2 

19 

30-019 

30-071 

30-043 

30-037 

40-2 

32-0 

20 

29-897 

29-893 

29-825 

29-811 

45-4 

41-3 

20 

29-978 

29-915 

29-806 

29-752 

42-0 

35-1 

21 

29-700 

29-628 

29-543 

29-515 

43-3 

36-2 

21 

29-677 

29-646 

29-567 

29-555 

44-1 

38-5 

22 

29-465 

29-458 

29-413 

29-432 

47-4 

40-4 

22 

29-510 

29-501 

29-464 

29-472 

43-2 

37-0 

23 

29-426 

29-479 

29-489 

29-491 

42-3 

36-1 

23 

29-447 

29-478 

29-455 

29-474 

42-0 

37-4 

24 

29-456 

29-447 

29-410 

29-392 

45-1 

37-8 

24 

29-458 

29-480 

29-484 

29-486 

43-9 

37-4 

25 

29-349 

29-335 

29-286 

29-329 

48-1 

42-4 

25 

29-437 

29-430 

29-432 

29-447 

43-9 

39-0 

26 

29-391 

29-408 

29-237 

29-224 

53-0 

45-5 

26 

29-399 

29-293 

29-083 

28-896 

44-8 

39-3 

27 

29-255 

29-475 

29-591 

29-597 

52-1 

48-5 

27 

28-724 

28-860 

29-089 

29-118 

48-2 

38-4 

28 

29-419 

29-241 

29-373 

29-674 

57-6 

42-1 

28 

28-914 

28-872 

29-036 

29-309 

42-9 

36-4 

29 

29-768 

29-621 

29-595 

29-644 

57-4 

37-6 

29 

29-350 

29-397 

29-158 

29-282 

46-8 

36-3 

30 

29-660 

29-712 

29-808 

29-988 

58-4 

42-8 

30 

29-388 

29-506 

29-559 

29-668 

46-1 

39-7 

DECEMBER, 

1885. 

1 

30-063 

30-163 

30-237 

30-341 

48-4 

37-0 

1 

29-741 

29-892 

29-976 

29-988 

46-8 

39-3 

2 

30-313 

30-288 

30-156 

30-088 

46-1 

30-4 

2 

29-911 

29-783 

29-569 

29-656 

47-4 

36-6 

3 

30-036 

30-056 

29-962 

29-880 

50-4 

44-1 

3 

29-699 

29-698 

29-534 

29-152 

49-9 

36-0 

4 

29-682 

29-608 

29-6S2 

29-755 

50-2 

38-7 

4 

28-ti.35 

29-006 

29-222 

29-386 

50-7 

35-2 

5 

29-783 

29-775 

29-614 

29-307 

42-6 

36-3 

5 

29-494 

29-545  . 

29-470 

29-427 

40-1 

29-7 

6 

29-288 

29-505 

29-605 

29-668 

40-6 

36-3 

6 

29-448 

29-615 

29-701 

29-804 

31-9 

24-4 

7 

29-707 

29-819 

29-866 

29-951 

40-2 

34-8 

7 

29-841 

29-918 

29-938 

30-011 

28-8 

19-7 

8 

29-991 

30-058 

30-120 

30-265 

34-2 

28-1 

8 

.30-088 

30-168 

30-219 

30-291 

b2-l 

21-8 

9 

30-352 

30-378 

30-277 

30-104 

36-3 

26-8 

9 

30-263 

30-179 

30-158 

30-255 

39-9 

25-8 

10 

30-189 

30-343 

30-424 

30--i82 

34-2 

26-6 

10 

30-333 

30-430 

30-416 

30-425 

32-9 

23-5 

11 

30-475 

30-496 

30-454 

30-4.53 

34-1 

23-2 

11 

30-369 

30-310 

30-222 

30-161 

39-7 

23-3 

12 

30-365 

30-349 

30-278 

30-273 

38-4 

26-3 

12 

30-029 

29-874 

29-801 

29-804 

45-2 

38-0 

13 

30-234 

30-251 

30-241 

30-273 

42-5 

35-3 

13 

29-772 

29-788 

29-852 

29-942 

46-9 

43-2 

14 

30-307 

30-381 

30-384 

30-426 

45-0 

39-2 

14 

30-010 

30-064 

30-087 

30-134 

47-9 

44-0 

15 

30-425 

30-447 

30-442 

30-468 

48-2 

33-0 

15 

30-154 

30-180 

30-152 

30-109 

47-3 

43-7 

16 

30-457 

30-473 

30-438 

30-429 

45-0 

27-7 

16 

29-999 

29-964 

29-949 

30-143 

520 

44-7 

17 

30-416 

30-475 

30-464 

30-490 

48-8 

43-0 

17 

30-246 

30-326 

30-352 

30-391 

50-1 

45-9 

18 

30-469 

30-468 

30-433 

30-402 

47-4 

41-4 

18 

30-357 

30-355 

30-323 

30-292 

50-0 

39-0 

19 

30-332 

30-281 

30-201 

30-146 

41-4 

38-4 

19 

30-231 

30-138 

.30-0:36 

29-983 

42-1 

37-7 

20 

30-088 

30-117 

30-110 

30-132 

46-4 

40-0 

20 

29-908 

29-903 

29-904 

29-977 

42-2 

38-1 

21 

30-108 

30-124 

30-090 

301-23 

47-4 

43-2 

21 

29-980 

30-013 

29-992 

30-064 

43-0 

40-2 

22 

30-163 

30-264 

30-343 

30-422 

46-1 

40-0 

22 

30-176 

.30-333 

30-418 

30-530 

42-1 

31-7 

23 

30-498 

30-560 

30-532 

30-527 

42-0 

32-4 

23 

30-514 

30-471 

30-400 

30-368 

42-2 

27-7 

24 

30-483 

30-472 

30-436 

30-458 

33-0 

26-1 

24 

30-334 

30-336 

30-320 

30-311 

47-5 

40-3 

25 

30-431 

30-390 

30-304 

30-296 

39-0 

27-0 

25 

30-225 

30-172 

30-148 

30-2-23 

48-1 

40-8 

26 

30-293 

30-374 

30-414 

30-485 

41-4 

37-8 

26 

.30-253 

30-349 

30-334 

30-3.30 

42-7 

34-7 

27 

30-506 

30.532 

30-433 

30-337 

37-8 

29-2 

27 

30-271 

30-198 

30-058 

29-899 

43-2 

40-0 

28 

30-190 

30-001 

29-716 

29-768 

48-3 

34-5 

28 

29-619 

29-170 

29-180 

29-224 

44-9 

30-5 

29 

29-828 

29-916 

29-839 

29-926 

39-1 

30-2 

29 

29-418 

29-505 

29-694 

29-808 

37-1 

24-5 

30 

30-047 

30-163 

30-115 

29-905 

40-8 

29-1 

30 

29-913 

29-883 

29-580 

29-553 

47-3 

26-3 

31 

29-824 

29-896 

29-955 

30-039 

•  48-4 

40-6 

31 

29-622 

29-706 

29-762 

29-788 

50-1 

45-7 

IS 

r 
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NORTH  OF  ENGLAND  INSTITUTE 


OF 


MINING  AND  MECHANICAL  ENGINEERS. 


ABSTRACTS  OF  FOREIGN  PAPERS. 


AX.\LYSES  OP  FRENCH  COAL-MEASURE  WATERS. 

Analyses  des  Eaux  Minerales  Fran(;aises  executees  au  Bureau  d'Essai  de  I'Ecole 
des  Mines.  Ih/  Ad.  Caknot.  Annates  des  Mines,  Ser.  8,  Tome  VII.  (1885), 
Ijp.  79-142. 

A  complete  collection  of  all  the  analyses  of  French  mineral  waters  made  in  the 
laboratory  of  the  School  of  Mines  at  Paris  from  1845  to  1884.  The  following  are 
selected  as  being  from  coal-bearing  rocks,  and,  all  bnt  No.  VII.,  actually  from  feeders 
in  collieries : — 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

Free  carbonic  acid      . . .   0"1754 

0-0564 

0-0058 

Silica                00545 

0-0520 

0-0300 

0-0350 

0-0700 

0-0580 

00180 

0-0480 

Bicarb,  of  lime           ...   01812 

0-1052 

0-2016 

0-2189 

0-2376 

0-0806 

„         magnesia  ...    01153 

01443 

0-0368 

0-0425 

0-0576 

o-oi8a 

„         proto.xide  of 

iron        . . . !  0-0121 

0-0133 

0-0382 

0-0411 

0-0034 

0-0071 

soda           ...  0-8470 

0-5589 

0-0338 

0-0537 

Sulphate  of  proto.xide  of 

iron        

.  .  t 

•  •  • 

0-6067 

0-3249 

. .  • 

. .. 

,.          i)ero.\ide  of 

iron 

... 

1-1410 

0-7170 

>  •  • 

... 

„         lime 

... 

1-4960 

1-2512 

0-1224 

magnesia  . 

... 

0-9081 

0-9189 

0-0864 

soda         ...   1-0181 

1-4381 

0-4021 

0-3655 

1-7725 

2-0275 

0-0870 

Sulphide  of  sodium     

0-0016 

Chloride  of  calcium    ... 

1-1544 

„          magnu.-iium  1 

0-6333 

sodium     ...   1-1597 

0-6332 

3-2795 

2-3882 

6-9686 

7-0107 

0-0937 

14-5081 

,.          potassium..  0-0366 

00228 

00244 

0-0225 

0-1006 

0-0915 

Traces. 

00183 

j  Organic  matter 

Grammes  per  litre... 

... 

... 

0-0012 

0-0088 

00020 

0-0018 

0-0085 

0-0030 

3-6299 

3-0242 

40476 

3-1778 

130655 

12-4015 

0-7204 

16-4714 

INoTE.— By  moving  the  decimal  points  the  amounts  given  in  the  above  table  may  be  read  as 

percentages.] 


2 

No. 
I. —  Water  from  the  St.  Loiii-f  Pit.  Aniclie  Colliery,  Department  of  the  North  (Donai 

District.) 

II. — Water  from  the  Fenelon  Pit,  same  colliery. 

III. — Water  fi'om  the  Roncourt  Pit,  at  a  depth  of  165  metres  (541  feet),  same  colliery. 

IV. — Water  from  the  same  pit,  at  a  depth  of  235  metres  (771  feet). 

V. — Brine  from  the   "  Anzin  Torrent,"  at  69  metres  (226  feet),  same  department 

(Valenciennes  District). 

VI. — Brine  from  the  "Anzin  Torrent,"  at  75  metres  (246  feet).     Same  di'strict. 

VII. — Water  from  the  Spring  of  St.  Amand-los-Eaux,  same  district. 

VIII.— Brine  from  No.  2  Pit,  at  a  depth  of  492  metres  ( 1,614  feet),  Ferfay  Colliery, 

Department  of  Pas-de-Calais  (Bethune  District).  G.  A.  L. 


FRENCH  MINERAL  STATISTICS,  1884. 

Statistique  minerale  et  metallurgique  de  la  France  pour  Vannee  1884.  Tableaux 
comparatifs  de  la  production  des  comhustibles  miiieraux,  des  Pontes,  Fers,  et 
AcJers,  en  1883  et  en  1884.  Par  M.  P.  Desbief.  Bulletin  de  la  Societe  de 
V Industrie  Minerale,  Se'r.  2,  Tome  XIV.,  1885,  pp.  461-466. 

M.  Desbief  gives  two  Tables,  viz.:  I.,  the  production  of  coal,  anthracite,  and  lignite; 
II.,  the  production  of  wrought  and  cast  iron  and  steel,  with  details  showing  the  pro- 
portion made  by  each  process  of  manufacture.     Table  I.  is  as  follows : — 

I. — COMBirSTlBLES. — PRODUCTION    IN   EACH    BaSIN. 

Coal  and  Anthracite, 
Name  and  Geographical  Position  of  Goal  Basin. 

Nord   and    Pas-de-Calais    (Valenciennes    and    le 

Boulonnais) 
Loire  (Saint  Etienne  and  Rive-de-Gier,  Sainte-Foy- 

I'Argentiere,  Communay  and  le  Roannais) 
Gard  (Alais,  Aubenas,  the  Viguan) 
Bourgogne  and  Nivernais  (the  Creusot  and  Blanzy, 

Decize,  Epinac,  and  Aubigny-la-Ronce  Bert,  the 

Chapclle-Sous-Dun,  Sincey) 
Tarn  and  Aveyron  (Aubin,  Carmau.x,  Rodez,  Saint- 

Perdoux)    ... 
Bourbonnais  (Commentry  and  Doyet,  Saint-Eloi, 

rAumance,  and  the  Qucune) 
Auvergne  (Brassac,  Chauipagna  and  Bourg-Las- 

tic,  Langeac) 
Herault  (Graissessae) 
Creuse  and  Correze  (Ahun,  Bourganeuf,  Cublac, 

Neymac  and  Argental)    ...  

Vosges  meridionales  (Ronchamp)  ... 

Quest    (the    ]\Iainc,    Basse-Loire,    Vouvant    and 

Chat.innay)  181,681     ...        177,469 

Alpes  occidentales  (the  Drac,  Maurienne-Tarentaise 

and  Brian(,-on,  Oisans,  Chablay  and  Fancigiiy)  ..        117,202     ...        167,885 

Maurcs  (the  Maures,  Freju.s)  421.     ...  401 

Pyrenees 

Total  Coal  20,759,429         19,624,718 


Drawi> 

GS. 

1883. 

Metric  Tons. 

(2,204  Lbs.) 

1884. 
Metric  Tons 
(2,204  Lbs.) 

9,944,868     ... 

9,430,504 

3,640,777     ... 

8,211,509 

2,005,473     ... 

1,939,675 

1,635,580    ... 

1,605.631 

1,153,241     ... 

1,1.53279 

1,035,874     ... 

928  890 

345,510     . . . 

339,571 

277,898     ... 

272.659 

183,41-6     ... 

205,228 

207.455     ... 

192.017 

Lignite. 

Provouce  (Fuvoau,  Miiii()S(jiu'.  tlie  ("iuliiM'i')  ...        520.201     ...        15),937 

Coiutat    (Bagiiols,    Orange,    Banc-llougo,    Haijac 

and  Colas,  Mothaniis) 
Vo.sges  nit'ridionales  (Gouhenans,  Xovrov) 
Sud-Ouest  (Millau  and  Treve/.el,  Estavar,  the  Cau- 

iiette,  Simcyrols  and  the  Chapelle-Pechaud)    ... 
Haut-Kh6ne  (Douvrcs.  Tlie  Tour-dn-I'in,  Haute- 

rives,  Entrevernes) 

Total  liignite 
Grand  total 


Pboducxion  by  Departments. 

Principal  Coal-bearing                                               1883.  1884. 

Departments.  Tons  (2,204  Lbs.)  Tons  (2,204  Lbs.) 

Pas-de-Calals 0,155,801  ...  6,029,129 

Nord       3,789,0G7  ...  3,401,375 

Loire      3,586,420  ...  3,158,989 

Gard       1,992,-308  ...  1,914,847 

Saone-et-Loiro 1,381,527  ...  1358,227 

Allier      950.4-84  ...  855,411 

Aveyrou             832,655  ...  785,084 


30,764  . 

28,727 

10,459 

10,101 

11,065 

8,950 

1,966  . 

2,776 

574,455 

502,191 

21,333,881 

20.127,209 

Total  18,688,268         ...       17,502,462 


J.  H.  M. 


FORMATION  OF  MINERAL  VEINS. 

Genhse  des  Gitcs  metaUifires.     By   Ekxkst  Chauuanjx     Le  Genie  Civil,  Vol.  VII., 
pages  243-245.      Untersitchungen  iiber  Erzfjcinge.     By  Fbidolin  Sandbeegek. 

The  formation  of  mineral  veins  is  succinctly  described,  without  recourse  to  subter- 
ranean agencies,  by  assuming  that  the  metalliferous  bodies  which  form  the  veins 
are  to  be  found  in  tlie  i)rimordial  formations  and  the  sedimentary  rocks,  whicli  are 
directly  derived  from  them,  and  shortly,  that  these  substances  have  been  extracted 
from  the  external  crust  of  the  globe. 

The  elements  of  the  veins  exist  in  the  adjacent  strata  in  a  state  of  infinite  dissem- 
ination. If  there  is  a  current  charged  with  gas  or  other  bodies  favouring  the  decom- 
position and  dissolution  of  these  elements,  then  this  current  will  act  as  a  levigant  upon 
the  rocks;  it  will  collect  it,  exhaust  it,  and  then  be  instrumental  as  the  vehicle  of  the 
extracted  matters;  it  will  deposit  them,  after  transformation,  either  in  the  open  fissures 
in  the  rock  itself,  or  in  the  adjacent  rocks.  By  concentrating  these  minerals  in  the 
veins  nature  has  powerfully  assisted  the  work  of  the  miner.  This  has  been  called  the 
theory  of  lateral  secretion,  or  levigation.  M.  W.  B. 
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ACCIDENTS  TO  WINDING  KOFES  IN  DORTMUND. 

Zur  Slatistik  der  Schachtforderseile  im  Oberhergamtsbezirk  Dortmuhd  pro  1884. 

Gluckauf,  No.  66,  1885. 


Number  of  Flat  Ropes. 

Number  of 
Round  Ropes. 

Total 

Ropes  Broken. 

Year. 

Number 
of 

Number  of 
Winding 

Mines. 

Steel. 

Iron. 

Aloe. 

Hemp. 

Steel. 

Iron. 

Ropes. 

Number. 

Per- 

1872 

59 

9 

centage. 

1 

28 

1 

6 

69 

114 

22 

19-30 

1873 

76 

1 

26 

9 

23 

97 

156 

22 

14-10 

1874 

92 

4 

30 

14 

2 

42 

106 

198 

19 

9-64 

1875 

97 

8 

23 

5 

4 

74 

112 

226 

19 

8-40 

1876 

91 

11 

11 

6 

1 

85 

103 

217 

15 

6-91 

1877 

85 

17 

10 

3 

•  •  • 

81 

67 

178 

16 

8-98 

1878 

90 

28 

3 

5 

.  ■  ■ 

102 

64 

202 

19 

9-40 

1879 

78 

23 

3 

3 

.  .  . 

99 

44 

172 

9 

5-32 

1880 

79 

19 

2 

8 

>  >  ■ 

1(!6 

35 

170 

8 

4-70 

1881 

76 

20 

6 

1 

97 

41 

105 

8 

4-85 

1882 

89 

25 

4 

4 

126 

35 

194 

15 

7-73 

1883 

85 

20 

1 

4 

•  •  ■ 

138 

24 

187 

8 

4-27 

1884 

85 

30 

3 

•• 

139 

18 

190 

6 

3-16 

Totals 

... 

207 

147 

74 

8 

1,118 

815 

2,309 

186 

7-85 

Ropes  broken^ 

Number 

19 

19 

6 

■  ■  ■ 

42 

100 

186 

Percentage  ... 

918 

12-93 

811 

... 

3-75 

12-27 

7-85 

M.  W.  B. 


ON  THE  CONSTRUCTION  OF  A  DAM  TO  RESIST  A  PRESSURE  OF  285 

POUNDS  PER  SQUARE  INCH. 


Note  sur  la  Construction  d'un  Serrement  en  maqonnerie  a  la  Fosse  No.  3  dc  Bruay, 
Etage  de  261  metres.  By  Auguste  Bekgai^d.  Bulletin  de  la  Sociefe  de 
V Industrie  Minerale,  Ser.  Q,  Vol.  XIV.,  pp.  355-363. 

Tl>e  (lam  is  placed  between  two  seams  in  a  drift  200  yards  long,  having  a  section 
of  II7  by  6^  feet,  and  rising  at  an  angle  of  30°.  The  dam  is  erected  in  a  length 
where  the  drift  cuts  through  a  bed  of  sandstone  20  yards  thick.  The  upper  end  of  the 
dam  is  257  yards  from  the  surface  and  219  yards  below  the  level  of  the  uppermost 
level  of  the  workings.  The  pressure  being  285  pounds  per  square  inch,  the  pressure 
upon  the  surface  of  the  dam  is  11^  x  6|  x  285  x  144  =  3,067,740  lbs.,  or  about 
1,370  tons. 

The  dam  is  built  in  the  iorm  of  three  trunks  of  pyramids,  with  spherical  bases,  each 
about  19  feet  long,  the  contractions  being  arranged  so  as  to  form  a  solid  plug  of 
masonry  nearly  57  feet  long,  fitted  three  times  into  the  sides  of  the  drift.  The  sides 
are  widened  out  at  the  base  of  each  pyramid  to  23  feet,  and  top  and  bottom  are 
similarly  widened  to  13  feet.  The  sides  were  dressed  to  the  proper  form  by  means  of 
the  jiick  as  carefully  as  possible,  and  covered  with  portland  cement  j-inch  thick,  so  as 


to  obtain  a  hard  and  proper  surface  to  receive  the  masonry.  The  dam  is  built  of 
hard  and  well-burnt  common  bricks.  The  mortar  was  made  of  equal  parts  of  liydraulic 
lime  and  sifted  ashes.  The  bricks  were  made  wet  before  being  used.  The  workmen 
employed  in  the  dressing  of  the  drift  were  divided  into  three  shifts  of  eight  hours, 
each  shift  consisting  of  five  miners,  paid  3s.  ll^d.  per  shift,  and  three  labourers  3s.  6d. 
to  3s.  9d.     This  work  occupied  four  months,  and  cost — 

£      s.      (1. 
Workmen's  wages        ...         ...         ...         ...       641  19     9 

Repairing  tools...         ...         ...         ...         ...  898 

Powder  and  fuze  ...         ...         ...         ...         10    3     8 

Cement  ...         ...         ...         ...         ...         ...  6  15     8 

Sundries  ...         ...         ...         ...         ...  4  12     6 


£672     1     3 


The  erection  of  the  walling  occupied  four  months,  with  only  six  days  interruption. 
This  work  was  carried  on  from  4  a.m.  to  4  p.m.;  the  shift  consisted  of  an  inspector,  at 
V5s.  per  fortnight,  a  master-mason,  at  5s.  5d.  per  nine  hours'  shift,  four  masons,  at 
3s.  4d.  per  nine  hours'  shift,  a  mason's  labourer,  at  3s.  4d.  per  nine  hours'  shift,  four 
men  turning  the  windlass,  2s.  Id.  to  2s.  3^d.  per  nine  hours'  shift,  and  two  men  at  the 
top  and  bottom  of  the  inclined  plane,  each  2s.  6d.  per  day. 

A  drainage  tube,  62  feet  long  and  about  6j  inches  diameter,  provided  with  a  wheel 
valve  at  the  lower  end.  and  furnished  with  collars,  is  built  into  the  centre  of  the 
masonry.  A  wrought-iron  tube  i-inch  diameter  was  built  into  the  top  of  the  masonry 
and  allowed  the  escape  of  air.     The  erection  of  the  masonry  cost — 

Workmanship —  £      a.     A.        £      s.     d. 

Inspection  37  10    0 

Masons       129     3     9 

Attendants  100    4    4 

266  18     1 


Material — 

Bricks 

...         ... 

83 

6 

8 

Lime 

...         ... 

55 

16 

8 

Cement 

... 

..       122 

0 

0 

Sundries 

...          ... 

9 

3 

6 

Accessories — 

Water-pi 

pe  and  valve 

..       317 

0 

0 

Air-pipe, 

etc 

35 

7 

4 

Pressure 

gauge     

2 

10 

0 

Lighting 



16 

13 

4 

270     6  10 


401  10     8 
Preliminarv  work  ...         ...         ...  ...       672     1     3 


£1,610  16  10 


After  the  dam  was  finished,  the  pressure  in  the  course  of  two  months  was  eighteen 
atmospheres.  The  effect  of  the  dam  is  to  reduce  the  quantity  of  water  pumped  from 
230  to  130  gallons  per  minute.  M.  W.  B. 


THE  LEADVILLE  ORE  DEPOSITS. 

The  Sulphide  deposit  of  South  Iron  Hill,  Leadville,  Colorado.  Bv  Fbancis  T.  Feee- 
LAXD.  Transactions  of  the  American  Institute  of  Mining  Engineers,  Vol.  XIV. 
(_Mai/,  1885),  9  pp.      Ifine  woodcuts  and  tiro  folding  plates. 

The  largest  and  most  extensively  develo])cd  of  the  deepei"  worliinn^s  of  Leadville 
(showing  refractory  ores — sulpliides  of  iron,  lead,  and  zinc-carrying  silver — instead  of 
the  easily  rednced  carbonates  nearer  the  snrface)  is  that  of  Sonth  Iron  Hill,  on  the 
north  side  of  California  Guk-li.  The  main  ore  cluite  is  here  from  200  to  300  feet  wide, 
and,  in  places,  is  more  than  GO  feet  thick.  It  has  been  opened  for  a  distance  of  1,200 
feet  withont  showing  any  signs  of  diniinntion  in  strength.  The  rocks  consist,  in 
descending  order,  of — 1st,  a  variable  thickness  of  white  poi-phyry  ;  2nd,  0  to  160  feet  of 
grey  porphyry  ;  3rd,  the  main  contact  vein  of  Iron  Hill;  4th,  230  to  300  feet  of  bine 
Carboniferons  limestone ;  5th,  10  feet  of  qnartzite ;  Gtli,  65  to  100  feet  of  grey  por- 
phyry; and  lastly,  7th,  white  Silnrian  limestone.  The  strike  is  nearly  north  and  sonth, 
and  the  dip  varies  from  10°  to  15°  to  the  east. 

Analyses  of  samples  of  ore  from  the  Mimic  Mine  working  these  deposits  show  the 
following  resnlts: — 


I.  Galena. 

II.  Blende. 

III.  Pyrite. 

IV.  Mixture. 

Lead 

72-65 

6-71 

2-21 

50-86 

Zinc 

5-66 

55-08 

14-24 

12-86 

Iron 

1-60 

4-00 

35-40 

9-30 

Sulphur     . . . 

15-66 

32-41. 

44-76 

24-50 

Silver 

0-14. 

0-324 

0-014 

0-039 

(  =  41-5  ozs.) 

(=94-5  ozs.) 

(=  4-5  ozs.) 

(=  11-5  ozs.) 

Gold 

trace 

trace 

trace 

i  Residue     ... 

1 

j        Total    ... 

4-12 

0-92 

2-7 

1-88 

99-83 

99-474 

99-324 

99-439 

G.  A.  L. 


COPPER  IN  EASTERN  LIGURIA. 

Sul  giacimento  euprifero  delta  Gallinaria  {Liguria  orientate).  By  L.  Mazzuoli. 
BoUettino  del  R.  Comitato  Geologico  d'ltalia,  Ser.  2,  Vol.  VI.  (1885),  pp. 
193-202.     One  plate  [Plate  III.) 

The  (iallinaria  copper  mine,  described  in  this  paper,  is  situated  between  the  River 
Acqne  and  tlie  Bargonasco  torrent,  not  far  from  the  national  road  from  Sestri-Levante 
to  Spezia.  The  ore  occurs  in  two  veins  of  serpentine  running  parallel  and  close  to  the 
line  of  junction  between  a  large  mass  of  serpentine  and  one  of  euphotide  and  diabase, 
but  neither  of  them  coinciding  with  the  actual  contact.  The  serpentine  veins  are  not 
ore-bearing  throughout,  but  certain  portions  of  them  are  marked  by  concentrations  of 
ore,  whilst  others  are  sterile.  In  the  euphotide  and  diabase  the  ore  forms  small 
irregularly  distributed  lenticular  nests.  The  great  serpentinous  mass,  in  which  one  of 
the  veins  runs,  is  comjiletely  sterile.  The  percentage  of  ore  in  tlie  gangne  varies  from 
13-25  to  18-50.  G.  A.  L, 


COAL  AND  IROX  IX  TENNESSEE. 

The  Geology  and  Mineral  Resources  of  SequacTiee  Valley,  Tennessee.  By  W.  M. 
BoWRON.  Transactions  of  the  American  Institute  of  Mining  Engineers,  Vol, 
Xir.  {May,  1885),  Qpp.     Folding  map. 

The  Sequaclice  Valley  runs  parallel  to  the  Great  Valley  of  East  Tennessee,  about  75 
miles  north  of  the  Alabama  State  boundary.  It  crosses  Marion,  Sequachee,  Bledsoe, 
and  Cumberland  Counties.  Geologically  speaking,  the  valley  is  due  to  the  denudation 
of  the  axis  of  a  long  anticlinal  fold.  In  ascending  order  the  formations  cropping  out 
in  the  region  are,  1st,  the  Knox  (Potsdam)  series,  of  Cambrian  age;  2nd,  the  Trenton 
and  Nashville  beds,  Lower  Silurian  ;  3rd,  the  Clinton  group,  Upper  Silurian ;  4th,  the 
Black  Shale;  5th,  the  Siliceous  (St.  Louis)  group;  6th,  the  Mountain  Limestone,  Car- 
boniferous; and  7th,  the  Coal-measures.  Associated  with  No.  5  are  sheets  of  iron  ore, 
chiefly  known  at  present  about  Innian.  Analyses  of  the  ores  are  given,  and  show  the 
following  percentages :— Of  oxide  of  iron,  43-83  to  66-47;  of  silica,  10-04  to  18-60;  of 
phosphoric  acid,  0-71  to  2-49;  of  Alumina,  3-72  to  10-29;  and  of  carbonate  of  lime,  0  to 
35-24.  The  ore  lies  conveniently  for  mining  purposes.  Coal  in  enormous  quantities 
lies  at  an  average  distance  of  four  miles  from  the  iron  deposits,  in  the  Coal-measures. 
Analyses  of  this  coal  show  it  to  be  of  good  quality.  In  places  the  seams  are  so  disturbed, 
especially  along  a  certain  axis,  as  to  be  subject  to  variations  in  thickness  of  from 
6  inches  to  17  feet  within  short  distances.     The  coke  produced  is  of  excellent  quality. 

G.  A.  L. 


MINING  INDUSTRY  IN  GREECE. 

Sfatisfique  de  VIndustrie  Minerale  de  la   Orece  pour  I'annee  1883.     Bt  —  Abgy- 
EOPOULO.     Annales  des  Mines.  St'r.  8,  Vol.  VIZ.  (1885).  pp.  538-540. 

The  following  summary  of  the  mineral  produce  of  Greece  during  1883  is  given :  — 

Tons. 

1. — Manganesiferous  iron  ores      ...         ...         ...  56,803 

2. — Plunibif erous  iron  ores            ...         ...         ...  33,938 

3.-Calamine            40,121 

4. — Blende,  iron  pyrites,  and  galena         3,880 

5.— Lead  (.smelted) 9,612 

6. — Manganese  ore  ...         ...         ...         ...         ...  400 

7.— Sulphur              14.175 

8.— Lignite               8,200 

9.— Magnesite          3,642 

10.— Gypsum              426 

11.— Millstones          24,148 

12. -Puozzuolana      37,000 

13.— Emery 2,222 

14.— Sea  salt 13,860 

The  principal  mines  are  those  of  Seriphos,  producing  No.  1;  Laurium,  Nos.  1.  2. 
3,  4,  and  5;  Antiparos,  No.  3;  Calamata,  No.  6;  Milos,  Nos.  7,  10,  and  11;  Koumi, 
No.  8;  Oropos,  No.  8;  Eubrea,  No.  9;  Scyros,  No.  10;  Santorin,  No.  12;  and  Naxos, 
No,  13.  ''•  A.  L. 


PKTKOLKUM  AND  OZOKERITE  IN  GALICIA. 

Exposition  UniverseUe  d'Anvers,  1885.  Le  Petrole  et  la  Cire  minvrale.  Bv  Leon 
Syeocztnski.  Revue  UniverseUe  des  Mines,  etc.,  Ser.  2,  Vol.  XVIII.  (1885), 
pp.  1-19,  with  folding  plate  {Plate  I.) 

In  this  paper  a  general  account  is  given  of  the  petroleum  and  mineral  wax  or 
ozokerite  industries  of  Europe  (Rounmnia  excepted),  based  chiefly  uj)on  the  exhibits 
of  Austro-llungury  and  Russia  in  the  International  Exhibition  at  Antwerp  of  the 
present  year.  In  (lalicia  the  petroleum  and  ozokerite  winnings  are  situated  in  a  belt  of 
country  nearly  250  miles  in  length,  varying  from  2  to  2^  miles  in  breadth,  and  embrac- 
ing more  than  eighty  communes.  This  belt  of  oil-producing  country  runs  parallel  to 
the  Carpathian  ^loinitains.  and  the  rocks  of  which  it  is  formed,  though  long  spoken  of 
as  belonging  to  the  well-known  Carpathian  sandstone,  are  now  recognised  as  conii)rising 
beds  of  I'pper  Cretaceous,  Eocene,  and  Miocene  age.  Petroleum  is  found  in  each  of 
these  great  divisions,  the  ozokerite  in  the  Miocene  only,  but  in  very  large  quantities, 
esjiecially  at  Boryslaw  and  Wolanka.  The  oil  is  worked  by  means  of  deeji  wells,  the 
mineral  wax  by  shafts  and  levels,  more  in  the  manner  of  metalliferous  deposits. 

In  1881  The  produce  in  round  numbers  of  both  substances  reached  nearly  half  a 
million  hundredweights,  representing  from  £180,000  to  £600,000.  The  Russian 
exhibits  at  Antwerp  were  much  less  complete  than  those  from  Galicia,  and  the  details 
given  respecting  them  are  correspondingly  meagre.  G.  A.  L. 


COPPER  IN  TRANS-CAUCASIA. 

L' Industrie  dti  Cuivre  en  Trans-  Caucasie.  Rapport  adresse  a  M.  le  Ministre  des 
Affaires  efrangeres.  Par  M.  DE  FriGENCE,  Vice-Constd  de  France  a  Batoum. 
Extrait  par  L.  JANET.     Annales  des  Mines,  Ser  8,  Vol.  VII..,  pp.  535-538. 

The  development  of  the  copper  mines  of  Trans-Caucasia  is  of  special  interest  at 
the  present  moment,  in  view  of  the  gradual  working  out  of  those  of  the  Ural 
Mountains. 

There  are  five  recognised  groups  of  copper  deposits  in  Trans-Caucasia: — 1st,  That 
of  the  Tchorok  basin;  2nd,  that  of  Zanguezonr;  .3rd.  that  of  Alaverdy;  4th,  that 
of  Elizabethpol ;  and  5th,  that  of  Kakhetia. 

In  the  1st  group  the  copper  ore  occurs  close  to  the  Ottoman  frontier,  in  a  zone 
which  is  prolonged  beyond  it.  It  is  chiefly  copper  pyrites,  associated  with  iron  pyrites, 
galena,  and  cerussite,  in  regular  lodes  sometimes  traceable  for  several  miles.  The 
absence  of  roads,  the  dangerous  navigation  of  the  River  Tchorok,  and  the  dearness  of 
fuel  prevent  this  metalliferous  area  from  being  properly  opened  out  yet. 

In  the  2nd  group  are  found  the  richest  copper  ores  of  the  Caucasus,  the  percentage 
of  copper  often  attaining  25.  It  is  situated  close  to  the  Russo-Persian  frontier.  Here, 
again,  the  want  of  good  means  of  communication  prevents  mining  industries  from 
prospering,  the  300  tons  of  copper  obtained  each  year  being  sold  on  the  spot  to  Persian 
artificers. 

The  3rd  group  of  deposits  was  at  one  time  actively  worked  owing  to  the  proximity 
of  Tiflis,  which  is  but  44  miles  off.  Since  then,  however,  the  mines  have  been  closed, 
chiefly  through  mismanagement. 

In  the  4th  group  are  situated  the  largest  metallurgical  establishments  of  the  region, 
viz.,  those  of  Siemens  Brothers,  at  Kedabek  and  Kalakent.      The  ore  occurs  in  this 


lU 


locality  in  a  kind  of  ii-regular  vein,  traversing  masses  of  gneiss  and  quartzite,  and 
consists  chiefly  of  copper  pyrites,  with  some  cuprite  and  malachite,  and  is  associated 
with  very  large  quantities  of  iron  pyrites,  and  a  little  blende  and  galena.  The  amount 
of  copper  varies  from  5  to  20  per  cent.,  the  ore  contaiirfng  less  than  5  per  cent,  being 
rejected.  Wood  is  the  only  fuel  employed.  Each  ton  of  metal  costs  about  110  francs 
(£4  lis.).  In  1881,  the  output  of  ore  was  17,000  tons,  producing  1,100  tons  of  cojjper. 
The  number  of  men  employed  was  1,800,  the  maximum  pay  being  one  franc  (lOd.) 
a  day. 

The  5th  group  of  deposits,  though  not  yet  worked,  is  said  to  present  the  most 
brilliant  prospects.  The  rocks  of  the  district  are  principally  ancient  schists,  through 
which  run  a  large  number  of  quartz  veins  of  every  size.  These  veins  are  often  very 
rich  in  ore.  The  latter  is,  as  usual,  chiefly  copper  pyrites,  but  it  is  accompanied  by  a 
singular  variety  of  magnetic  iron  pyrites  containing  nickel,  cobalt,  and  molybdenum. 
Blende  and  galena  also  occur.  These  deposits  are  distant  only  7^  miles  from  Telav 
whence  a  carriajje  road  about  50  miles  in  length  brings  ore  to  Tiflis.  G.  A.  L. 


GOLD  DEPOSITS  IN  MEXICO. 

The  "Centennial''  and  '■■  LoHa"  GoJd properties.  CoaJiiiila,  Mexico.  By  Dr.  Per- 
SIFOB  Frazer.  Transactions  of  the  American  Institute  of  3Iining  Engineers, 
Vol.  XIV.  (1885),  9  pp.     Three  woodcuts  in  text. 

The  properties  described  are  in  the  Panuco  Mountain,  about  thirty  miles  south-west 
of  Candela.  The  mountain  consists  of  a  mass  of  granite  piercing  through  surrounding 
limestones,  and  contains  the  great  copper  mine  of  the  same  name.  Gold  has  long  been 
known  to  occur  here  in  connexion  with  the  copper,  and  especially  where  the  granite  is 
decomposed  and  kaolinized.  The  limestones  and  the  intrusive  granite  are  so  inter- 
mingh^d  and  welded  together  at  their  points  of  coutact  that  it  is  diflScult  to  map  their 
line  of  junction.  Tlie  "  Centennial  "  and  "  Lotta"  mining  properties  comprise  several 
proved  veins  in  the  granite,  containing  gold  and  auriferous  sulphides.  The  ore  from 
these  localities,  carefully  averaged  and  sampled,  gave  the  following  results,  according  to 
assays  by  Mi-.  K.  D.  Baker  :  — 


Sp.  Or. 

Gokl. 
Oz.s.  per  Ton. 

Silver. 
Ozs.  perTon. 

Copper. 
Units. 

Total  Value 
in  Dollars. 

"  Centennial '' 

2-85 

4-4 

10 

G12 

121-22 

"Lotta" 

2-87 

4-2 

10-7 

3-65 

110-97 

' 

G.  A.  L. 

SCALES  OF  MAPS. 

8cales  of  I\I<ips.     Bv    Pruf.    L.  M.  Haupt.     Proceedings  of  the  Engineers'  Chth  of 
Philadelphia.  Vol.  V.  [ISm].  pp.  133   1 1-7. 

After  defining  scale  as  •'  the  ratio  of  the  field  or  object  to  the  plot  or  drawing," 
and  giving  a  few  elementary  explanations  on  the  subject,  tlie  author  prints  two  tables, 
the  object  of  wliicli  is  "  to  assist  in  determining  rapidly  the  equivalent  numbers  of  such 
variable  standards  of  comparison  as  may  be  represented  by  a  linear  unit  of  the  map,  or 
the  reciprocal  extent  of  map  covered  by  a  unit  of  the  standard."  Of  these  tables  the 
first,  as  being  the  more  generally  useful  in  practise,  is  subjoined. 

N.B.  —  The  column  headed  '"Scale"  shows  the  proportion  of  the  map  to  the 
natural  size. 
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NICKKL  IN  NEW  CALEDONIA. 

(1)  L' Exploitation  du  Nickel  en  Noiicelle  Caledonie.     15v  H.  Porchekox.    Bulletin 

de  la  Societe  de  V Industrie  Mlnerale,  Ser.  2,  Yd.  XIV.  (1885),^^.  89-125. 

(2)  Notice  Historique  sur  la  decouverte  des  Minerais  de  Nickel  de  la  Nouvelle  Cale- 

donie.    By  Jules  Garnier.     Same  publication.  2}J}.  126-131. 

The  ores  of  nickel  found  in  New  Caledonia  are  of  three  kinds — sulphides,  arsenides, 
and  oxides,  includinj^  hydrocarbonates,  silicates,  and  hydrosilicates.  The  last  named 
Garnierite,  after  their  discoverer,  M.  Garnier,  may  be  represented  by  the  formula — 

(Mg  Oj  Ni  0)  Si  0.,  +  n  H.,0. 

They  are,  therefore,  double  silicates  of  oxides  of  nickel  and  magnesia,  in  \\hich  one 
or  the  other  oxide  is  more  or  less  prevalent. 

The  amount  of  nickel  in  these  ores  varies  from  2  to  20  per  cent.,  and  in  practise  the 
degree  of  richness  can  easily  be  told  by  means  of  the  colour  both  of  the  ore  and  its 
matrix. 

The  nickeliferous  deposits  are  very  irregular,  and  take  the  form  of  true  veins,  or 
occur  as  reniform  nodules  in  ferruginous  clay  at  or  near  the  surface.  The  latter  mode 
of  occurrence  is  due  to  the  waste  and  decomposition  of  the  veins. 

Generally  speaking,  the  ore  lies  in  close  association  with  the  diorites,  gabbros,  and 
more  especially  with  the  serpentinous  rocks  which  abound  on  the  north-east  coast  of 
the  island.  The  ground  is  there  very  high,  and  is  furrowed  by  deep  and  narrow  valleys. 
The  principal  mines  are  situated  at  heights  seldom  below  200  metres  (656  feet),  and 
more  often  about  500  metres  (1,6-iO  feet)  above  sea-level,  in  mountains  covered  with 
dense  brushwood,  and  difficult  of  access.  The  veins  are  very  numerous,  but  of  no  great 
length  or  thickness,  and,  as  a  rule,  they  become  increasingly  quartzose,  poorer  in  nickel, 
and  thin  at  a  depth  of  from  40  to  50  metres  (121  to  164  feet)  from  the  surface. 

The  author  regards  the  deposits,  as  a  whole,  as  promising  but  a  limited  duration  to 
profitable  nickel  mining  in  the  colony. 

The  second  paper  is  reprinted  from  the  3Iemoires  dc  la  Societe  des  Ingenieurs 
Civils,  and  is  devoted  to  establishing  the  author's  claims  as  the  original  discoverer  of 
"  Garnierite."  G.  A.  L. 


MANGANESE  IN  MORAVIA. 

Ein  J.erkwitrdiffe.^  I'orkommen  manganhaltiger  Minerale  in  den  ulteren  Teriidr- 
seliicJiten  Mdhrens.  JBt/  A.  H.,  after  A.  Rzehak.  Oesterreichi sche  Zeitschrift 
fiir  Serg-  und  Hiittenwesen .  Jahrgang.  XXXII,  pp.  312-313.  See  also 
Tscheemak's  "  JMiitheiliingen.'''     Bd.  J'L,  p.  87. 

An  account  of  tlie  discovery  of  numerous  manganese  septaria  or  nodules  iu  the 
Oligocene  clay  in  the  Western  extension  of  the  Mars  Mountains,  and  more  especially 
in  the  neighbourhood  of  Krzizanowitz,  near  Austerlitz.  The  nodules  contain  a  very 
large  percentage  of  manganese  oxide  (as  much  as  49  per  cent,  in  the  outer  portions, 
but  much  less  in  the  interior).  They  are  black  externally,  yellowish  or  reddish  within, 
and  of  a  homogeneous  texture.  A.  Rzehak  regards  them  as  having  been  formed  by 
precipitation  in  the  old  Tertiary  sea,  and  not,  tlierefore,  as  being  due  to  segregations 
subsequent  to  the  deposition  of  the  enclosing  rock.  Tliey  are  likened  to  the  manganese 
nodules  found  by  tlie  "  Cliallenger,"  in  tlio  deep  seas  of  the  present  day. 

G.  A.  li. 
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PHOSPHORUS   IN  COAL. 

Sur  I'oriffine  el  la  disfribittion  dii  phosphore  dans  la  houille  el  li'  cannel-coal.  By 
Ad.  Carnot.  Comptes  Rendus  de  VAcademie  des  Sciences,  Vol.  XCIX.,  pp. 
151-157. 

The  author  has  found  the  foHowiug  perccntat^cs  of  phosphorus  in  the  various  coals 
and  coal-plants  examined  by  him. 

0-00195  and  0-00215 


trace, 
trace. 
000712 


003912 


Calamoiendron 

Cordaile.t    ... 

Lepidodeiidron 

Psaroni lis  {{cvn)    ... 

Coal  from  the  great  bed  of  Couimentry 

Coal  from  Les  Ferrieres  ... 

Bog  anthracite 

Cainiel-coal  of  Commentry 

Cannel-coal  of  Lancashire 

Cannel-coal  of  Wigan 

Cannel-coal  of  Newcastle... 

Cannel-coal  of  Glasgow    ... 

Cannel-coal  of  Virginia    ... 

Naphtho-schist  of  New  South  Wales     ... 

Permian  bog-head  coal  of  Autun  (without  fish-scales) . . 

Rhtetic  bog-head  coal  of  Frioul  (Austria) 

With  the  exception  of  the  two  last  named,  all  the  above  coals  are  of  Carboniferous 
age.  Tiie  author  connects  the  presence  of  phosphorus  in  certain  coah  with  the 
abundance  of  spores  in  them,  as  revealed  by  the  microscope.  G.  A.  L. 


0-00282 

trace 
0-00271 
0-00163 
001385 
0-014(57 
0-04260 
0-02852 
002246 

trace 
0-00572 
002771 
0-01956 

trace 
0-06275 


COAL  IN  BAVARIA. 

Dan  Kohlenrorhommen  uni  der  Kohlenhergiau  in  Oherhayern.  Bv  E.  Heyrowsk?. 
Oesterreichisclie  Zeitschriff  fiir  Berg-  und  Huftemvesen,  Jahrgang  XXXII., pp. 
431-434,  447-449.     Onejolding  plate  {Plate  XI.) 

The  coal-bearing  rocks  of  Upper  Bavaria  are  of  Tertiary  age,  and  form  part  of  the 
Oligocene  Molasse.  They  occur  in  long  synclinal  and  anticlinal  folds  running  east  and 
west,  at  the  foot  of  and  parallel  to  the  Central  Alpine  range.  The  coal  is  found  among 
the  bracki.sh  water  beds  which  overlie  the  marine  Oligocene  Molasse.  It  is  brownish- 
black,  with  a  more  or  less  bright  lustre,  has  a  conchoidal  or  sjAintery  fracture,  is 
tolerably  compact,  unchangeable  in  dry  air,  casilj'  kindled,  and  burns  witli  a  moderately 
long  flame.     Analyses  give  the  following  as  its  composition  (in  pcrcentage.s)  :  — 

Carbon        ...          ...          ...          ...         ...  50 

Hydrogen  ...          ...          ...          ...          ...  4 

O.xygen  and  nitrogen        ...          ...         ...  17 

Sulphur       ..          ...          ...          ...         ...  3 

Ash              16 

Water        10 

The  coal  is  used  for  factory  and  household  purposes,  and  also  for  cement  calcining 
and  lime  burning,  but  its  sulphur  has  .«o  far  prevented  its  being  applied  to  locomotives. 

The  principal  collieries  in  this  coal-field  are  those  of  Miesbach,  Hansham,  Penzberg, 
Peissenberg,  and  Bregenz.  Their  joint  produce  in  18S3  was  6t  million  zoUeentncr 
(=  312,500  tons).  The  seams  are  sufficiently  numerous  and  thick,  it  is  stated.,  to  yield 
a  similar  annual  amount  for  six  centuries  to  come.  G-  A.  L, 


MINERAL  STATISTICS  OF  VICTORIA. 

Mineral  Statistics  of  Victoria  for  the  year  1884.     Report  of  the  Secretary  for  Mines 
to  the  Honourable  J.  F.   Levien,   31. P.,   3Iinister  of  3Iines.      Folio,    86   pp. 

3Iclhourne,  1885. 

Over  28,000  individuals  are  directly  employed  in  the  production  of  gold  in  the 
colony.  The  quantity  of  quartz  crushed  in  the  year  1884  was  876,692  tons  4  cwts.,  the 
yield  from  which  was  432,996  ozs.  15  dwts.  15  grs.  of  gold.  There  are  now  known 
3,768  distinct  proved  auriferous  quartz  reefs.  The  alluvial  mines  produced  326,305  ozs. 
of  gold.  7,087  tons  14  cwts.  of  pyrites  and  hlauketings  were  operated  on  during  the 
year,  yielding  15,667  ozs.  10  dwts.  21  grs.  of  gold,  the  highest  average  yield  (10  ozs. 
10  dwts.  to  the  ton)  being  obtained  in  the  Elackwood  division  of  the  Ballarat  district, 
and  the  lowest  (2  dwts.  2'66  grs.  to  the  ton)  in  the  St.  Andrew's  division  of  the  Castle- 
maine  district.  The  total  gold  produce  exported  from  Victoria  during  1884  was 
189,866  ozs.  4  dwts. 

Traces  of  silver  have  been  found  in  the  neighbourhood  of  St.  Arnaud,  and  at  a  few 
other  places.  Copper  is  found  principally  in  the  Bethanga  and  Granya  districts;  very 
complex  ores  presenting  great  difficulties  in  the  way  of  its  reduction.  These  difficulties 
are,  it  is  stated,  now  at  last  overcome,  and  the  new  treatment  adopted  is  described  by 
the  reporter.  No  copper  ore  was  raised  in  the  colony  in  18S4,  but  some  has  since  been 
worked.  Tin  has  been  found  at  various  spots  within  the  Beechworth  and  Gippsland 
mining  districts,  but  has  as  yet  been  little  mined.  Antimony  sulphides  and  oxides 
(Stibnite  and  Cervantite),  often  highly  auriferous,  are  worked  at  Costertield  for  the 
gold  it  contains,  and  also  at  Ringwood.  About  22,000  tons  of  antimonial  ores  were 
raised  in  1884.  Lead  ore  though  present  in  Victoria,  and  especially  in  Gippsland,  is 
not  now  worked.  Iron  ores  are  not  rare,  but  owing  to  the  absence  of  neighbouring 
fuel  their  profitable  working  is  doubtful.  Persistent  efforts  have  of  late  years  been 
made  to  discover  good  coal,  but  with  poor  results  only.  In  1884  a  seam  4  feet  8  inches 
thick,  and  apparently  of  good  quality,  was  met  with  at  Mirboo.  Two  samples  gave  the 
following  analyses : — 

No.  1.  No.  2. 

Water  32         ...  — 

Volatile  matter         ...         16-3         ...         3377 

Fixed  carbon 51"65       ...         59"56 

Ash     25-85       ...  6-67 

The  Moe  Coal  Company  are  opening  out  their  mine  on  a  seam  of  first-class  coal 
2  feet  3  inches  to  2  feet  8  inches  thick.  Altogether  only  3,279  tons  7  cwts.  of  coals 
were  raised  in  Victoria  in  1884,  and  only  13,067  tons  3  cwt.  altogether  to  the  close  of 
that  year.  At  Lai- Lai  is  the  most  important  deposit  of  lignite.  L^p  to  December, 
1883,  6,703  tons  11  cwt.  had  been  worked,  only  577  tons  10  cwt.  being  credited  to  1884. 

Slate,  flags,  limestone,  marble,  manganese,  cobalt,  bismuth,  molybdenum,  gypsum, 
infusorial  earth,  and  various  clays  are  the  other  products  touched  upon  in  this  report, 
which  concludes  with  detailed  tables.  G.  A.  L. 


MINERALS  OF  CARINTHIA. 

Die    Minerale    des    Herzoythums    Karnten.      Bv   Prop.    Atgust    Brfnnlkchneb. 

\Z0  p]}.  with  map.     Klagenfurt,  1881. 

A  complete  guide  to  the  ore  deposits  and  all  known  localities  of  the  rarer  minerals 
of  Cai-inthia.  G.  A.  L. 


THE  GKOLOGY  AND  DKSCRIPTIOX  OF  TIIK  DIAMOND  MINES  OP 

SOUTH  AFRICA. 

Memoire  siir  la  Geologic  generale  et  siir  les  Mines  des  Diamants  de  VAfrique  du  Sud. 
Bii  A.  :\IorT.T.K.       Annalex  dex  Mines.  Ser.  8,  Tol.  T'fL,  pp.  193-348. 

Geology.  Tlu'  forniitions  iniiv  l)c  divitled  into  four  divisions: — 
1°.  Granitic  and  Gncissose  rocks,  nietamorpliic  and  Cambrian  schists,  qimrtzitos  and 
Silurian  Iinicst(Hies. 

2°.  Marine  formations,  consisting  of  Devonian  and  Carbonifei'ons  fjroups.  The 
Devonian  is  represciited  by  schists  and  sandstones,  covered  by  the  sandstones,  limestones, 
and  shales  of  the  Carboniferous  system.  Above  these  are  found  conglomerates  and 
oolitic  beds  of  Jurassic  and  Tertiary  age. 

3°.  Lacustrine  formations  include  only  one  series,  known  as  "Karoo."  This  is  the 
characteristic  and  most  interesting  formation  in  South  Africa.  Its  length  from  Bok- 
keveld  to  the  Ti'ansvaal  is  about  800  miles,  its  breadth  is  uniformly  about  300  miles, 
and  it  covers  an  area  of  about  220,000  square  miles.  This  formation  is  divided  into 
three  groups — Lower  series,  from  400  to  600  yards  thick,  comprising  the  Boulder  bed 
(a  mass  of  trai)i)ean  cinders  or  conglomerate).  This  passes  insensibly  into  the  schists  of 
Pietennaritzbuig.  ^liddlo  series,  about  500  yards  thick,  comprising  the  schists  and 
sandstones  of  Kiuiberley.  Cpper  series,  at  least  1,.500  yards  thick,  containing  the 
sandstones  and  u])per  schists  (with  coal)  of  Stormberg,  Drakensberg.  etc.  This  series 
contains  a  great  abundance  of  tei'restrial  fossils.  Coal  has  been  found  in  the  Transvaal, 
Orange  Free  State,  and  in  Natal  at  various  points,  from  3,750  to  5,500  feet  above  the 
level  of  the  sea. 

4°.  Eruptive  rocks  are  frequently  found,  and  may  be  an-anged  according  to  age  as 
follows  : — granitic,  tra]>peau,  dioritic,  diamondiferous  serpentines,  and  itoriihyritic  tufas. 
The  eruptive  and  diamondiferous  rocks  are  of  little  importance  compared  with 
other  rocks,  but  they  form  the  celebrated  mining  centres  of  South  Africa.  The 
diamondiferous  deposits  are  conical  or  cylindrical  masses  sinking  into  the  surface  and 
forming  chimneys  in  the  adjacent  eruptive  and  sedimentary  rocks.  As  regards 
diamonds,  they  may  be  more  or  less  rich,  more  or  less  sterile,  but  they  always  afPord  the 
same  geological  characteristics.  There  are  more  than  twenty  of  these  deposits,  which 
arc  situated  in  a  line,  about  120  miles  long,  running  from  Hart  River  (Griqualand 
West),  and  i)assing  through  Kimberley  to  Fauresmith  (Orange  Free  State).  These 
chimneys  are  often  of  uniform  section,  their  diameter  varies  from  20  (Newlands  Kopfif) 
to  500  yards  (Dutoits  Pan),  but  usually  from  160  to  330  yards  (Kimberley,  de  Beers, 
Bultfontein,  etc). 

The  most  famous  diamondiferous  cliimney  is  the  Kimberley,  which  may  be  described 
as  follows: — Tlie  cliimney  is  elliptic,  and  at  the  surface  had  originally  an  area  of  about 
1^  acres,  its  axes  being  about  220  and  300  yards.  The  section  of  the  chimney  is  not 
uniform,  the  sides  being  inclined  at  certain  points  at  an  angle  of  15°  towards  the 
centre.  The  neks  passed  through  arc— "red  soil,"  about  2  feet,  white  and  yellow 
shales,  grey  and  greenish  shales,  replaced  at  certain  points  by  overflows  of  diorite  about 
49  feet;  "reef"  (>f  shales  and  sandstones,  very  pyritosc  shales,  and  containing 
numerous  masses  of  carbonate  of  iron,  about  225  feet  thick ;  "  Hard  rock,"  being  a  bt'd 
of  trap  about  230  feet  thick;  this  should  be  followed,  but  it  is  not  directly  ascertained, 
by  fine  greyish  argillaceous-calcareous  sandstones,  grey  and  greenish  shales,  and  black 
schists,  which  may  be  found  resting  on  granites  or  diorites.  The  sides  are  always 
pei-fectly  smooth  and  finely  striated  upwards;  they  are  sometimes  covered  with  a 
whitish  oily  matter  some  inches  thick.  Explosive  gas  has  been  found.  The  sides  of  the 
reef  are  found  unaltered,  but  are  tilted  upwards  f rom  1  to  3  feet,  showing  that  the 
diamond  ground  has  passed  u^jwards  and  not  downwards. 
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Tlie  diaimiuliferons  vock  filling  the  ehimneys  consists  of  a  breccia  of  blackish 
serpentine,  containing  many  minerals  and  immense  quantities  of  fragments  of  rocks. 
The  rock  is  compact,  tender,  and  slightly  greasy  to  the  touch ;  it  is  cut  easily  with  the 
knife  or  scratched  with  the  nail.  Its  colour  in  the  iutei-ior  of  the  mine  is  green,  inclining 
to  black  when  exposed  to  sun  and  rain;  it  weathers  rapidly,  and  changes  colour  to 
bluish,  greyish-blue,  and  greyish,  hence  its  name  of  "blue  ground."  After  washing, 
the  residue  is  of  a  clear  yellow  colour.  Similar  changes  of  colour  are  found  in  the 
mine.  Under  20  or  25  yards  it  forms  a  friable  yellowish  or  whitish  sand  known  as 
"yellow  ground."  The  change  to  "  blue  ground  "  is  always  rapid,  varying  from  5  to 
6  yards  in  thickness,  and  known  as  ''rusty  ground."  The  chief  minerals  found  in  the 
mines  are — diamonds,  garnets,  mica,  sahlite,  pyrites,  calcite,  zircon,  titanic  iron,  ilmenite 
and  magnetite,  and,  lastly,  enstatite.  After  washing,  these  minerals  are  collected 
together  as  a  fine  sand,  equal  to  two  or  three  parts  per  10,000  of  the  original  mass. 
From  I  to  5  carats  of  diamonds  are  found  in  a  cubic  yard  of  solid  rock,  or  from  three 
to  sixty  parts  per  100,000,000,  but  some  portions  are  sterile. 

The  diamonds  are  either  crystallised  or  in  fragments,  and  vary  in  size  from  the 
smallest  dimensions  to  350  carats.  The  colour  is  of  all  shades,  from  whitish-blue  to 
light  yellow.     Boort  is  also  found. 

Diamond  Mines. — The  mines  were  discovered  in  1871,  and  from  that  time  to  1885 
it  is  computed  that  31  million  carats  or  about  G  tons  of  rough  diamonds  have  been 
found,  the  corresponding  value  being  £36,000,000. 

Details  of  the  yaeious  Mines. 


Kimberley. 

de  Beers. 

Dutoit's  Pan. 

Bultfontein. 

Number  of  Companies 

11 

11 

26 

18 

Nominal  capital 

£3.000.000 

£2.280,000 

£3,600,000 

£1,360,000 

Funded  debts  (1885)         ;    £120,000 

£150,000 

£350,000 

£133,000 

Annual    production    of    diamonds 

(1881)     carats 

856,731 

438,583 

471,745 

505,005 

Do.                do.                ...!£l,750,(i00 

£1,010  000 

£1,470,00") 

£1.120,000 

Mean  value  per  carat  (1881-85)    ...!£1    Os.    4d. 

£1  2s.  2d. 

£1  9s.  9d. 

£1  2s.  3d. 

Value  per  lUO  loads  of  16  cubic  feet; 

(1885)      carats 

130 

90 

22 

30 

Do.                      do. 

£132  3s.  Id. 

£99  15s.0d. 

£32  Tss.  6d. 

£33  7s.  6d. 

Cost  per  100  loads  of  K!  cubic  feet 

(1885)       

£110 

£4315s.0d. 

£23 

£27  7s.  6d. 

Proilt  per  100  loads  of  16  cubic  feet 

(1885)      

£22  3s.  Id. 

£56 

£9  13s.  6d. 

£6 

Value   of   diamonds    per    yard   in 

depth  (1885)       

£178.000 

£146,000 

£120.000 

£179,000 

Number  of  registered  clanns  (1885) 

420 

610 

1,502 

1,050 

Dei^th  of  mines  (1885)       ...    yards 

150 

100 

Go 

70 

Number  of  steam  engines  (1883)... 

96 

G6 

133                  82  1 

Number  of  workmen  (1883)   blacks 

4,000 

2,000 

2,862 

2,318 

Do.                 do.             whites 

720 

300 

324 

224 

Number  of  horses,  nniles,  o>;en.  etc. 

(1882)      

610 

250 

350 

260 

Production  of  reef  (18S3) . . .    loads 

2,971,272 

200,000 

69,003 

G0,000 

Do.        blue  ground  (1883)  do. 

you.ooo 

1.300  000      2,103,137  i  1,893  792 

Working  of  (he  Mines. — The  methods  of  working,  up  to  the  present,  are  the  same 
in  all  the  different  mines.  Taking  Kimberley  as  the  typical  mine,  the  working  as  a 
whole  com2)rises  : — The  working  and  transport  of  blue  ground  and  of  reef,  and  treatment 
of  the  minerals  on  the  fioors. 

The  mine  is  an  oi)en  quarry,  in  which  the  blue  ground  is  broken  by  dynamite.  The 
shots,  always  very  deep  (2  to  3  yards),  are  prepared  during  the  time  occupied  in  re- 
xnoving  the  material.    They  are  placed  in  groups  of  six  or  seven.    The  firing  of  the  shots 
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is  only  siUowfd  when  the  workmen  ave  out  of  the  mine,  either  ut  noon  or  iifter  six  \\m. 
The  mineral  is  always  broken  into  lar-jri"  hloeks,  whieh  are  broken  down  with  the  ]  ick 
and  loaded  into  wagons  whieh  are  tijjjied  into  the  tubs.  Tiie  wag-ons  run  on  tramways, 
easily  removable.  Where  a  large  area  is  worked  at  onee,  tunnels  are  driven  into  it,  and 
the  mineral  is  dumped  down  staples  into  tubs  standing  in  the  tunnels.  White  men  are 
in  charge  of  the  operations,  and  the  blacks  prepare  the  shots,  do  the  pick- work,  till  and 
put  the  wagons,  and  teem  tliem  into  the  tubs.  The  blue  ground  is  drawn  to  the  surface 
by  aerial  wire-tramways.  Four  round  steel  wire  ropes  (1.x  to  2  inches  in  diameter)  are 
anchored  on  the  surface  and  in  the  mine.  Kaeh  iniir  of  ropes  forms  a  tramway,  upon 
which  the  tuiis  tiavel.  The  tubs  consist  of  a  four-wheeled  carriage,  moving  on 
two  ro])es,  and  carrying  a  cylindrical  iron  vessel,  supported  upon  trunnions,  for  facility 
of  tii)ping.  They  arc  drawn  up  by  stationary  engines,  the  hauling  rojjes  being  so 
arranged  that  one  tub  descends  as  the  other  tub  ascends,  and  equilibrium  of  dead- 
weights is  maintained.  The  tubs  are  teemed  into  side  tip-wagons,  and  the  blue  ground 
laid  down  on  the  Hoors.  The  jtrnduction  per  man  emi)loyed  is  from  5  to  5|  loads  of 
16  cubic  feet  for  oi)en  quarries,  and  from  7  to  Tj  loads  in  the  tunnel  and  staple  system. 

The  removal  of  reef  is  made  by  three  systems — by  aerial  tramways,  by  pits  and 
tunnels,  and  by  inclined  planes. 

The  blue  ground  being  a  compact  rock,  the  extraction  of  the  diamonds  would  be 
almost  impossible  if  it  had  not  the  property  of  being  readily  broken  by  the  weather. 
When  rain  is  abundant  it  falls  to  pieces  in  about  Kfteen  tlays,  but  in  the  dry  season 
the  process  lasts  many  months.  In  order  to  facilitate  disintegration,  it  is  broken 
by  picks,  watered,  turned  over,  and  watered  again  and  again.  These  operations  are 
very  costly,  and  lead  to  the  loss  of  the  large  diamonds. 

When  the  mineral  is  reduced  to  a  fine  gravelly  sand,  it  is  passed  through  tlic 
washers.  The  blue  ground  and  water  are  jointly  passed  over  a  screen,  with  bars  1^ 
inches  apart,  which  separate  the  fragments  of  rock  and  any  large  pieces  of  blue  ground, 
which  are  reserved  for  future  treatment.  The  matter  which  has  passed  tlu'ough  the 
screen  is  passed  into  a  revolving  screen,  made  of  ])erforated  iron  and  wire  gauze, 
which  makes  a  fresh  separation  between  diamondiferous  mud  and  small  fragments  of 
rock,  which  are  examined  by  hand  and  sent  to  the  waste  heaj).  The  diamondiferous 
mud  is  conveyed  to  the  washing  machine.  This  consists  of  a  round  basin  of  sheet- 
iron,  from  8  to  IG  feet  in  diameter.  A  series  of  rakes  are  revolved  slowly  in  the 
basin.  The  nmddy  water  is  run  in  tangcntially  at  one  side,  at  the  same  velocity  as 
the  rakes,  and  escapes,  after  passing  i-ound,  by  another  ojiening.  During  its  jKissage 
round  the  basin  all  the  stony  matters  are  deposited  from  the  mud.  The  mud  is  then 
passed  through  a  tine  screen,  which  separates  it  from  the  muddy  water.  The  mud 
is  taken  away  to  the  waste  heaj),  and  the  muddy  water  is  used  again  for  washing  the 
stone.  The  stony  matters  are  then  dressed  in  an  American  cradle,  whieh  classes  the 
grit  according  to  size.  The  different  grits  are  then  sorted  by  hand  with  an  iron 
scraper,  upon  a  sheet-iron  table ;  this  sorting  is  re2)eated  three  or  four  times,  accord- 
ing to  the  fineness  of  the  grit. 


The  accidents  in  1883  wen 


A^i^t^t.  anSiu  -- 


Killed 


Kindierley  54  ...  24-{)  ...  G'4 

de  Beers  29  ...  266  ...  66 

Dutoifs  Pail 25  ...  84  ...  9 

Bultfonteiu  21  ...  11-7  ...  74 


Total  and  averages     ...         129         ...         175         ...         5"3 

M.  W.  B, 
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MANUFACTURE  OF  CEMENT  FROM  THE  SLAG  OF  BLAST  FURNACES. 

Utilization  des  Laltiers  de  haut  Fourwau  et  leur  Transformali on  en  Cimenfs  doses 
pendant  leur  Efat  de  Fusion  a  Jeitr  Sortie  des  haut  Fourneaux.  By  E. 
Chabrand.     Le  Ginie  Cicil,  J'ol.  VIII,  pp.  6-7 

The  slag  of  blast  furnaces  contains  all  the  constituents  of  cement,  they  only  diffei' 
in  the  relative  jii'oportinns  of  the  parts ;  there  is  less  lime  and  much  more  silica.  The 
addition  of  CO  to  80  per  cent,  of  its  weight  of  quicklime,  according  to  its  composition, 
will  transform  it  into  a  cement.  Tlie  addition  of  the  lime  requires  great  precision,  as 
an  excess  produces  at  the  time  of  mixture  a  complete  splitting  up  of  the  mass. 

Tlie  system  invented  and  employed  by  I\Ir.  Farinanx  consists  in  grinding  the  lime 
and  charging  into  a  conical  hoj^per.  The  slag  is  run  from  the  blast  furnace  into  a 
vessel  cariicd  on  a  small  wagon ;  a  wheel  with  pallets  is  placed  at  the  bottom  of  the 
cone,  njion  which,  at  the  same  time,  the  lime  and  slag  fall  in  the  proper  proportions. 
The  rotation  of  this  wheel  produces  an  intimate  mixture  of  the  lime  and  slag,  and  the 
heat  of  fusion  of  the  slag  is  absorbed  by  tlic  formation  of  the  cement.  Under  these 
conditions  the  block  splits,  and  is  broken  in  about  twelve  hours  after  it  has  become 
completely  cold.  It  produces  a  cement  which,  after  being  set  for  fifteen  days, 
becomes  as  hard  and  more  solid  than  stone. 

From  1  to  1 J  per  cent,  of  carbonate  of  scda  should  be  added  to  the  lime;  this 
carbonate  is  decomposed  by  the  heat  of  the  slag,  and  communicates  to  the  cement  a 
greater  rapidity  of  setting  and  increased  hardness. 

From  the  experiments  of  the  inventor,  the  cost  of  manufacture  will  be  as  follows  : — 

Cost  of  Slag  and  Rent  of  Ground,  &e. 

Wages  and  Redemption  of  Capital 

Lime,  at  4s.  2d.  per  ton,  8  cwt. 

Carbonate  of  Soda,  at  8s.  4d.  per  cwt.,  22  lbs.   . 

Total     ... 


s. 

d. 

1 

8 

per 

ton. 

3 

6 

>r 

1 

8 

n 

1 

8 

)J 

8 

6 

per 

ton. 

M. 

\v. 

B. 

THE  MINING  OF  NICKEL  IN  NEW  CALEDONIA. 

L' Exploitation  du   IS'iclcel  en   Aonvellc   Caledonie.     By  Cuaklks  ];u  PELorx.     Le 

Genie  Ciril,  Vol.  VIIL,  pp.  88-91. 

Gco?o^_y.— Garnieritc,  which  is  a  hydro-silicate  of  nickel  and  magnesium,  is  found 
at  various  jjlaces  o\-er  the  wliole  island,  except  in  the  north-eastern  districts,  which  are 
schists  of  Silurian  age.  Elsewhere,  the  Island  is  a  vast  accumulation  of  eruptive  rocks, 
more  or  less  decomposed,  of  which  serpentine  occupies  the  greatest  area.  The  ore  of 
nickel  is  always  found  in  the  masses  of  serpentine  adjacent  to  the  surface. 

Upon  examination  the  workable  area  is  found  in  the  north-west  of  the  island, 
where  the  ore  is  found  in  sufficient  quantity  and  quality  to  repay  the  workers.  The 
three  chief  districts  are-Canala-Mere-Kuana,  Thio-Port  Bouquet,  and  Bouriudi.  The 
Canala  district  was  the  first  one  worked,  but  scon  abandoned,  owing  to  tlie  low  per- 
centage of  nickel  in  the  ore,  and  the  difficulties  of  transport.  The  Tliio  district  was 
next  explored,  and  is  still  being  worked.  The  Bourindi  district  is  tlie  most  valuable  in 
the  island,  in  both  quality  and  quantity  of  ore ;  but  it  is  unworked,  being  held  in 
reserve. 

Mininy. — The  veins  are  somewhat  regular  in  both  dip  and  direction.  In  the  Thio 
district  the  dip  is  almo.st  vertical  and  the  direeticn  usually  runs  from  N.N.W.  to  S.S.E. 
The  ore  is  found  verv  irregularly  in  strings  and  ]u;ckets ;  it  is  very  common  for  tlie 
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pood  ore  to  cletcriorate  in  ii  few  viiiils  into  a  silii-ato  of  ina<riHsiiiin,  with  only  traces  of 
nickel.  The  depth  of  the  veins  of  nickel  rarely  exceed  ;J00  to  500  feet,  the  greater 
number  are  about  loO  feet,  when  thi>y  run  out  or  are  tilled  with  magnesia.  The 
enca.sing  rock  is  nsuallv  hard,  and  little  timbering  is  necessary.  Water  is  seldom 
encountered,  and  ventilation  is  neglected  owing  to  the  small  area  of  the  workings. 
The  ore  is  extracted  as  much  as  possible  by  open  (piarries,  by  level  drifts,  and  pits  sunk 
on  the  vein.     The  merchantable  ore  contains  about  7  per  cent,  of  nickel. 

Transport. — The  mineral  is  conveyed  in  sacks,  on  horseback,  or  by  shutes,  to  the 
tramways,  which  are  worked  by  horses  ;  there  are  three  self-acting  inclined  planes, 
which  carry  it  to  the  river,  a  total  distance  of  about  5  miles,  and  a  descent  of  from  1300  to 
2000  feet.  It  is  conveyed  down  the  i-iver  in  Hat-bottomed  boats,  and  placed  upon 
jetties,  and  is  conveyed  by  coasting  steamers  to  Noumea. 

Workmen. — ^Thc  oidy  workmen  are  : — Liberated  convicts,  who  are  paid  5s.  to  7s.  6d. 
per  8  hours  of  work  ;  natives  of  the  New  Hebrides,  who  are  hired  for  3  or  5  years, 
under  (iovcrnnicnt  supervision,  and  paid  about  2s.  Gd.  per  day  ;  natives  of  New  Cale- 
donia, who  are  only  named  here,  they  will  not  work.  Miners  are  brought  from 
Australia  and  paid  10s.  (id.  per  day,  and  66s.  per  yard  in  hard  rocks.  Chinese  have 
been  tried  but  they  require  incessant  supervision. 

Preparation  of  the  Ore. — The  ore  is  concentrated  in  two  furnaces  at  Noumea  into 
a  metal  containing  60  to  70  per  cent,  of  nickel.  The  metal  is  then  sent  to  P^nglish 
refineries  for  treatment. 

Production  and  Consumption. — The  production  over  the  years  1882-3-4  would  be 
about  2,400  tons  of  pure  nickel.  Working  during  1885  was  suspended  on  March  1st. 
The  production  of  nickel  in  Europe  and  America  may  be  estimated,  for  this  period,  at 
600  tons,  making  the  total  production  for  the  three  years  about  3,000  tons.  The  con- 
sumption is  estimated  at  800  tons  per  auimm. 

M.  W.  B. 


MACHINEKY  FOR  CUTTING  STONE. 

Scle  Jielii'O'idale  et  perforateur  tubulaire.  system  P.   Gaj.      By  G.  L.   Pesce.     Le 

Genie  Civil,  Vol.  TIL,  pp.  381-383. 

This  new  invention  for  cutting  or  dressing  stone  consists  of  a  small  endless  cord, 
formed  of  three  steel  wiixs,  slightly  twisted,  which,  when  running  at  a  high  velocity, 
will  cut  through  any  stone  with  which  it  is  placed  in  contact. 

Apparatus  for  Dividing  Stone  into  Slabs. — This  is  illustrated  by  three  draw  ings. 
It  consists  of  two  standards,  about  12  feet  apart,  s\ipp(n-ting  a  beam.  Two 
pulleys  are  carried,  one  on  each  standard,  and  are  moved  vertically  by  means  of  tw-o 
screws  which  are  driven  simultaneously.  Suitable  arrangements  are  attached  for  the 
supply  of  sharp  saiul  and  water. 

The  endless  saw  is  passed  over  the  two  pulleys,  and  is  pressed  by  them  upon  the 
stone  which  is  to  be  divided. 

The  endless  saw  works  more  rapidly  than  the  ordinary  reciprocating  method.  The 
following  table  shows  the  progress  of  the  saw  upon  blocks  of  7  to  10  feet  in  length: — ■ 


Descriptiou  of  Stone. 

Progress  of  tlie 
Endless  Saw. 

Ai-ea  of 

surface 

tlressed  per 

12  hours. 

per  liour. 

per  12  hom-s. 

Oolite  from  Lorraine 

Feet. 

2-00 

Feet. 

240 

Sq.  Feet. 
200-0 

White  Marble  from  Carrara 

•80 

9-6 

80-0 

Red  Marble             

•60 

7-2 

COO 

Sainte  Anne  Marble 

•40 

4-8 

40-0 

A'olvic  Lava 

•33 

4^0 

33-3 

Hard  Granite  from  Brittany 

•10 

P2 

100 

Porphyry  from  Fiidand    ... 

•06 

•8 

6-6 

90 


The  ]);)\ver  required  \\  itli  an  endless  saw,  100  vards  long,  cutting  stones  fnnn  7  to 
10  feet  long,  is  about  |  liorse-power. 

By  increasing  the  number  of  the  endless  saws,  arranged  to  act  simultaneously,  a 
block  of  stone  may  be  rapidly  cut  up  into  thin  or  thick  slabs,  as  may  be  required. 

Application  in  Quarries. — The  endless  saw  may  be  applied  to  quarrying,  as  soon 
as  the  rock  is  bared,  cuts  may  be  made  by  its  means  whose  size  is  infinitesimal  when 
compared  with  the  ordinary  quarry  trenches. 

In  order  to  make  these  cuts,  small  pits  would  be  sunk  to  allow  the  descent  of  the 
guiding  pulleys.  The  standards  would  be  placed  in  these  pits,  and  the  descent  of  the 
jiuUcys  would  be  regulated,  according  to  the  nature  of  the  stone,  by  the  attendant 
workman.  The  ordinary  quarry  trenches  arc  about  2  feet  wide,  causing  a  loss  of  about 
35  to  40  per  cent  of  the  stone,  and  the  i-iuch  cuts  of  the  endless  saw  would  scarcely 
amount  to  h  per  cent.     The  economy  of  time  is  also  very  considerable. 

The  sinking  of  the  pit  is  made  by  a  rotary  tubular  drill,  but  instead  of  being  set 
with  diamonds,  it  is  a  simple  ring  of  hardened  steel.  The  cylinder  is  about  2  feet  dia- 
meter, and  of  variable  length  (according  to  the  depth  of  pits  required),  with  a  ring  of 
greater  thickness  as  the  boring  tool.  This  cylinder  turns  with  a  central  a.xis,  centred 
upon  the  top  of  the  pit.  The  cylinder  is  driven  at  a  high  speed  by  an  endless  rope. 
A  column  of  stone  is  formed  by  this  means,  which  is  detached  by  lateral  pressure.  The 
progress  of  the  tubular  drill  is  about  30  feet  per  day.  M.  W.  B. 


PETROLEUM  A8  FUEL.* 

De  la  Combustion  des  Huiles  Miiierales  et  de  leuv  residus.     By  J.  D'Allest.     Le 
Genie  Cioil,  Vol.  VIIL.  pp  7-10,  19-22,  and  36-42. 

Combustible. — There  are  many  forms  of  fluid  hydro-carbons  which  may  be  used  as 
fuel,  as  may  also  the  residue  of  their  distillation,  an  oil  know  n  as  astatkis. 

Apparatus  Jor  Combustion. — The  only  apparatus  affording  good  results  are  those 
which  convert  the  petroleum  into  a  spray,  by  means  of  a  jet  of  steam,  and  throw  it 
into  the  fire-box.  Petroleum  burns  readily  under  these  conditions,  without  smoke 
or  ash. 

There  are  many  forms  of  this  apparatus,  in  some  of  which  there  is  a  central  supply 
of  petroleum,  surrounded  by  a  steam  jet,  and  the  united  streams  of  petroleum  and  air 
pass  through  a  cone,  where  it  mi.xes  with  air ;  in  others  the  apjiaratus  is  modified  by 
the  addition  of  a  central  jet  of  steam. 

Experiments. — A  small  boiler  was  used,  of  marine  type,  about  7  feet  long  and  2^ 
feet  wide. 


Astatkis,  ordinary  firing 

,,         heavy  filing 
Coal,  ordinary  firing,  Cardiff  Cory    ... 
„  „  „       Cardifi  Nixon 

„  „  „      Besseges 

.,  „  „      Briquettes 

.,     heavy  firing,  Cardiff  Cory 
„         ..  .,       Cardiff  Nixon 

,,       Besseges 

,,         ,,  .,       Bri([uettes 

The  steam,  throughout  the  e-\pcriments,  was  at  a  pressure  of  43  pounds. 
•  See  account  of  the  oil-tields  of  the  Caucasus,  Vol.  34,  jiage  70,  abs. 


C'oiisuiiiutiuii 

of  fuel  per 

sq.  ft.  of  grate 

per  huiir. 

Pound.*;. 

6-31 

VVattr 

Evaporated 

per  lb.  of  fuel 

per  hour. 

Pounds. 
13-15 

Water 

Evaporated 

per  s(i.  ft.  of 

heating  surf. 

per  hour. 

Pounds. 

3-75 

13-41. 

11-83 

7-16 

10-41 

8-32 

3-56 

11-25 

7-79 

3-60 

12-03 

7-18 

3-55 

11-28 

7-87 

3-38 

17-63 

8-65 

6-26 

15-89 

8-08 

5-28 

20-45 

7-82 

6-57 

16G9 

8-16 

5-60 

28 


Experiments  upon  the  S.!^.  •'  Aude  "  (183  fonsj  : — 


Astivtkis     ... 
Besseges  Coal 
Astatkis    ... 


Consiimption 
per  hour. 

..  278 
...  4-13 
...     276 


Revs,  of 

Kngine 
l>tr  mill. 


88 
87 
87 


H.  Power 
of  Kngine. 


171) 
170 


Water 
Water         Kvajjorateil 
Consiunptioii     Evaporated     per «(].  ft.  of 
per  H.  P.       peril),  of  fuel    heating.surf. 
per  hour.  per  hour.  per  hour. 

Pounds.  Pounds.  Pounds. 


2-G05 
1-623 


6-92 
12-37 


5-28 

e-io 


Remarks. — PetvoltMim  has  the  advantages  of  leaving  no  ashes,  producing  no  smoke, 
greater  cleanliness,  no  dust,  &c.,  whicli  will  make  it  a  formidable  competitor  to  coal. 

M.  VV.  B. 


BOULDERS  IN  COAL  IX  AUSTRIA. 

Veber  die  in  Flofzen  reiner  SfeinJcohle  enthalfenen  Stein-Riindmassen  mid  Torf- 
sphdrosiderite.  By  I).  Stur.  (Jahrbuch  der  Kaiserlich-Koiiigl i chen  Geoloc/- 
■ischen  lieichsanstalt,  1885.  Band.  XXXV.,  613-61.8.) 

The  boulders  described  in  this  paper  have  been  found  in  coal  seams  in  the  Ostrau 
district ;  thev  are  si.K  in  number.  The  first  four  were  discovered  in  the  p]ugen  seam  of 
the  Heinrichs-Gliicks  mine,  near  Dombrau,  and  the  two  others  in  the  Josefi  seam  of 
Graf  Wilezck's  mine,  in  Polish  Ostrau.  Tlie  following  table  contains  the  results  of 
the  examination  of  these  boulders : — 

From  the  Eugen  Seam,  Heinrichs-Glfcks  Mine. 

I. — Coarse  gneiss,  weighing  2,161 '9  grams,  or  4'76  lbs. 

II. — Brecciated  granitic  rock,  without  cpiartz,  weighing  3,122'o2  grams,  or  688  lbs. 
III. — Fine-grained  gneiss,  weighing  1,293'1  grams,  or  285  lbs. 
IV. — ilicro-pegmatite. 


From  the  Josefi  Seam,  Polish  Ostrau. 

V. — Coarse  porphyritic  rock,  weighing  836'5  grams,  or  1'84  lbs. 
VI. — Quarz-porphyry,  weigliing  413'8  grams,  or  '912  lbs. 

The  author  also  describes  two  otlier  classes  of  stony  inclusions  of  tlie  coal  in  the 
Heinrichs-GlUcks  mine,  which  are  concretionary  nodules  of  ironstone.  Some  of  tliese 
are  found  in  the  roof  of  the  coal  seams  and  others  in  the  coal  itself;  the  former  con- 
taining fossil  remains  similar  to  those  found  in  the  surrounding  shale,  and  the  latter 
plant  remains.  Unable  to  accept  the  reasons  which  have  bci'-n  hitherto  suggested  as 
explaining  the  presence  of  boulders  in  coal,  and  from  a  consideration  of  the  resemblance 
of  the  conditions  in  wliich  these  are  found,  with  those  in  which  these  ironstone  con- 
cretions occur,  tlie  author  has  been  led  to  regard  the  boulders  as  formed  by  pseudomorphic 
replacement  of  ironstone  nodules.  Tlie  discovery  of  a  nodule  in  the  coal  from  Szekul, 
in  the  Banate  (Hungary),  part  of  which  consists  of  ironstone,  enclosing  plant  remains, 
and  the  remainder  of  ((uartz,  is  regarded  as  supportiii.,'  the  above  remarkable  conclusion. 

V.  V.  B, 
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COAL    MEASURES  OF  ANJOU. 

Sur  la  presence  de   Vet  age  liouUler  moyen  en  Anjou.      Bij  Ed.  BcREAr.     Comptes 
Fendus  de  F  Academie  de-t  Sciences.       Vol.  XCIX.,'pp.  1036-1038. 

A  short  description  of  the  small  patches  of  Coal-Measures  at  Rochefort-sur-Loire  and 
I'Ecnule  which  occur  encased  in  and  preserved  by  the  long'  folds  of  Silurian  rocks  which 
form  the  framework  of  the  country.  By  means  of  the  fossil  j)lants  collected  by  him 
in  the  Coal-Measure  shales  at  the  former  locality,  the  author  determines  them  to  belong 
to  the  Middle  Coal-Measures,  and  adds  that  the  great  neighbouring  coal-field  of  the 
Basse  Loire  is  the  only  one  in  France  where  all  three  stages  of  the  Coal-Measnres  occur 
simultaneously.  Of  the  fourteen  species  of  plants  recorded,  eight  are  known  in  the 
Middle  Coal-Measures  of  Westphalia,  seven  in  the  beds  of  the  same  age  of  the  north  of 
France  and  Belgium,  seven  in  those  of  Britain,  seven  in  those  of  Silesia,  si.K  in  those 
of  Bohemia,  five  in  those  of  Saarhrlicken,  and,  singularly  enough,  only  one  in  the 
adjacent  dei^osits  on  the  same  geological  horizon  in  Vendee. 

No  mention  is  made  of  coal  in  this  paper.  Some  has,  however,  been  found  in  the 
Anjou  area.  G.  A.  L. 


NATIVE  ANTIMONY  IN  NEW  BRUNSWICK. 

Aatii'e  Antimony  and  its  Associations  at  Prince  William,  York  County,  New  Bruns- 
loicJc.  By  Geouge  F.  Kunz.  American  Journal  of  Science.  Series  3,  Vol. 
XXX.  (18S5),  pp.  275-277. 

The  locality  referred  to  in  the  title  of  this  paper  is  on  the  right  bank  of  the  St. 
John  River,  21  miles  from  Frederickton,  and  96  miles  from  St.  John,  New  Brunswick. 
Here,  in  a  tract  of  country  three  miles  by  five  in  area,  many  veins  of  Stibnite  have 
been  known  and  to  some  extent  worked  since  1860.  At  first  native  antimony  was  but 
rarely  observed,  but  within  the  last  two  years  that  very  scarce  mineral  has  been  found 
in  some  abundance.  It  occurs  at  a  depth  of  from  100  to  150  feet  from  the  surface,  in 
large  pockets,  some  of  which  contain  fully  one  ton  of  the  pure  mineral.  Associated 
with  it  are  Stibnite  (antimony  glance),  Valentinite  (antimony  bloom),  and  Kermesite 
(antimonblende,  or  oxysulphide  of  antimony).  Two  varieties  are  found,  one  coarse- 
grained resembling  the  native  antimony  of  Sarawak,  Borneo,  the  other  fine-grained. 

The  country  rock  is  a  black  argillite,  traversed  by  veins  of  quartz  and  calcite 
(bearing  Stibnite),  varying  from  1  to  30  feet  in  width.  G.  A.  L. 


GOLD  IX  SOUTH   AUSTRALIA. 

Notes  on  the  J^chnnqa    Gold-Field.     By  H.  Y.   Lyell-Bkowx.     80  pp..  n-ifh  large 

Map.     Adelaide.  1885. 

This  gold-field  has  been  known  since  1852,  but  so  far  has  not  proved  rich  enough  to 
attract  steady  mining  enterprise.  Its  area  is  about  thirty  square  miles,  the  rocks 
being  chiefly  quartzites,  grits,  conglomerates,  clay-slate,  and  schists  of  Silurian  age, 
traversed  by  irregular  masses  and  dykes  of  fclspathic  igneous  rocks  (including  green- 
stone and  gi-anite)  in  a  highly  decomposed  condition.  Over  these  old  dejiosits  are 
patches  of  Pliocene,  Newer  Pliocene,  and  alluvial  clays,  sands,  gravels,  etc.  The  gold 
is  found  in  paying  quantities  in  quartz-reefs  associated  with  the  Silurian  beds.  It  also 
occurs  in  the  later  and  more  superficial  deposits,  which  are  divided  by  the  author  into — 
1,  Older  Gold  Drift  (Pliocene) ;  2,  Middle  Gold  Drift  (Newer  Pliocene) ;  and  3,  Upper 
Gold  Drift  (Post  Pliocene).  Of  these  the  first  are  the  most  important,  and  are  of 
greatest  extent.  G-  A.  L. 
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COAL-FIELDS  OF  NORTH  CAROLINA. 

(1)  Report  OH  the  North  Carolina  Coal-Jields  to  the  Department  of  Agriculture 
{State  of  North  Carolina).  Bij  H.  M.  Chance.  Raleigh.  'U.S.,\6%o,m  p'p. 
Three  Map.-f. 

The  coal-l)eai'iii2:  bods  rojiorted  on  are  of  Triassic  age,  but  in  almost  every  respect 
they  reseuible  the  Coal-Measures  of  Carboniferous  date.  They  occur  in  two  areas,  one 
on  Deep  River  and  the  other  on  Dan  River,  the  former  being  the  more  important. 
For  some  time  no  mining  operations  have  been  carried  on  in  these  fields,  nor  in  the 
neighbanring  and  much  richer  one  of  Richmond,  which  occupies  the  same  geological 
horizon.  Tlie  Deep  River  coal-region  contains  at  least  five  seams,  the  thickest  of 
which  attains  about  four  feet.  Of  these  seams,  however,  two  only  ap])ear  to  be 
generally  workable,  the  upper  averaging  from  2^  to  3  feet,  and  the  lower  2  feet  in 
thickness.  The  thicknesses,  however,  are  very  variable.  The  dip  is  to  the  S.E.,  and 
its  amount  from  25^  to  30°.  The  coal  is  "  bituminous,"  becoming  authracitic  near 
contact  with  igneous  dykes  only,  and  its  average  composition,  based  upon  numerous 
analyses,  is  as  follows :  — 

Volatile  matter   ...         ...         ...         ...         ...  30 

Fixed  carbon       ...         ...  ...         ...         ...  54 

Ash  12 

Sulphur 3-6 

This  coal  enters  into  competition  with  that  of  Tennessee  and  West  Virginia,  and, 
considering  the  cost  of  working,  could  only  command  a  market  in  eastern  North 
Carolina.  The  inconstant  character  of  the  seams,  the  presence  of  faults,  igneous 
dykes,  gas,  water,  and  other  causes,  combine  to  render  the  Deep  River  coal-field,  and 
in  a  still  greater  degree  that  of  the  Dan  River,  of  small  commercial  promise. 

(2)  Article  on  the  above  Report.     By  J.  C.  Russell.     Science,  Vol.  VI.  {Dec.  18, 

1885),  pp.  548,  549. 

A  critical  review  of  Dr.  Chance's  report,  in  which  the  writer,  who  has  recently 
examined  the  Triassic  areas  south  of  the  Potomac,  adds  his  testimony  as  to  the  limited 
importance  of  the  coals  they  contain.  G.  A.  L. 


FOSSIL  HYDRO-CARBONS  OF  SCANDINAVIA. 

Die  VorJcommen  von  fossilen  Kohlenioasserstoffen  in  Schwedcn  und  Norwegen.  By 
C.  ZiXCKEX  Oesterreiehisclir  Zeitschrift  fUr  Berg-  vnd  Hilttentoesen.  Jahr- 
gang  XXXIII.,  pp.  2m,  2()4. 

Petroleum  occurs  in  small  quantities  in  the  Ui)per  and  Lower  Silurian  rocks  of 
Scandinavia,  according  to  Xordenskiold. 

Asphalt  is  found  in  the  magnetite  dejjosits  of  Dannemora  associated  with  quartz 
crystals,  at  Bispbcrg,  Griisberg,  Uto,  Griingesberg,  and  Norberg;  in  pegmatite  veins 
disseminated  in  coarse-grained  felspar  or  in  quartz  at  Griinge.'^berg,  Eroddbo,  and 
Finnbo;  in  gneiss  and  micaschist  in  many  localities.  The  quantities  arc  nowhere 
workable. 

Bituminous  -schists  are  recoi-ded  from  the  Primordial-Gneiss  and  micaschist  of 
Nullaberg,  Parish  of  Ostmai'k,  in  the  Province  of  Wermland. 

Amber  is  got  both  on  the  coast  and  inland  in  Sclionen,  near  Skanor-Falsterbo,  in 
South  Gothland  near  Christiania,  and,  generally  speaking,  in  the  drift  dejiosits  of 
Norway.  G.  A.  L. 
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GOLD  IN  QUEENSLAND:  THE  MOUNT  MORGAN  MINE. 

Notes  on  Gold.     By  Db.  A.  Leibius.    Journal  and  Proceedings  of  the  Royal  Society 
of  New  South  Wales  for  1884,  Vol.  XVIIL,  pp.  37-41. 

Contains  an  account  of  the  remarkable  occurrence  of  gold  at  the  Mount  Morgan 
Mine,  discovered  about  25  miles  from  Rockhampton,  near  the  Dee  river,  towards  the 
end  of  1882.  The  mine  is  situated  in  a  rid<>e,  about  800  feet  above  the  surrounding 
country,  and  formed  of  ferruginous  quartz,  throughout  which  the  gold  is  disseminated 
in  a  very  finely  divided  state.  This  ridge  is  regarded  as  the  result  of  a  thermal  spring 
which  held  quartz,  iron,  and  gold  in  solution.  The  mine  is  bringing  to  light  numerous 
caves,  from  the  roof  of  which  hang  stalactitic  masses  of  hydi-ated  oxide  of  iron  and 
silica  in  which  the  finely  disseminated  gold  is  clearly  visible  to  the  naked  eye.  The 
entire  hill  appears  to  be  uniformly  auriferous,  and  is  worked  by  open  quarrying.  About 
230  tons  of  gold-bearing  quartz  are  passed  through  the  stamps  per  week ;  the  return 
being  not  less  than  5  oz.  of  gold  to  the  ton.  The  character  of  the  gold  is  likewise  most 
unusual ;  it  is  quite  free  from  silver,  and  assays  99yo  of  gold,  the  remaining  ^^  per 
cent,  being  copper  and  iron.  It  is  therefore  worth  £4  4s.  8d.  per  oz.,  and  is, 
according  to  the  author  (senior  assayer  to  the  Sydney  branch  of  the  Royal  Mint),  the 
richest  native  gold  hitherto  found.  It  is  further  stated  that  not  more  than  half  the 
amount  actually  present  in  the  quartz  of  Mount  Morgan  can  be  extracted  by  means  of 
the  quartz-crushing  and  amalgamating  processes  in  ordinary  use.  The  mine  was  first 
called  the  "  Dee  Gold  Mine,"  but  was  named  the  "  Mount  Morgan  Mine  "  after  its 
discoverers.  G.  A.  L. 


MINING  IN  HUNGARY. 

Notizen  ilber  die  ungarische  Berg-  und  Eisen-Industrie.  By  Robeet  ton  Farkass. 
Special-Katalog  der  Vlten  Qruppe  filr  Berglau,  Huttenwesen  und  Geologic. 
{Allgemeine  Landes-AusteUung  zu  Budapest,  ISSo.)     Einlelfung,  pp.  xliii-lx. 

Brief  descriptions  of  the  chief  mining  districts  of  the  country  are  first  given. 
These  are : — 

A, — The  Schemnitz  and  Kremnitz  District.  An  interesting  trachytic  region,  with 
two  chief  groups  of  veins,  one  (that  of  Schemnitz)  in  greenstone-trachyte,  having  a 
general  N.E.  and  S.W.  direction  and  a  westerly  hade  varying  from  45°  to  80°;  the 
other  (the  Hodritsch  group)  with  a  less  uniform  direction.  The  ores  worked  are  of  gold, 
silver,  copper,  and  lead,  with  much  pyrites,  and  some  of  the  lodes  are  of  the  richest 
description.  Besides  the  greenstone  and  trachyte  mentioned  above,  the  other  rocks 
occurring  in  the  district  are  gneiss,  Devonian  slates  and  quartzite,  Werfen  slates,  and 
Triassic  limestone. 

B. — The  Upper  Hungary  District,  where  granite,  crystalline  schists,  red  sandstone 
of  supposed  Permian  age,  Werfen  beds,  and  Triassic  limestone  are  the  principal  older 
rocks.  Above  these  are  strata  of  Jurassic  and  Neocomian  age,  whilst  igneous  rocks, 
especially  such  as  are  rich  in  olivine,  are  plentiful.  The  lodes  are  chiefly  found  in  the 
metamorphic  schists,  more  rarely  in  the  granite  and  gabbro.  It  is  in  the  latter,  how- 
ever, that  the  rich  deposits  of  cobalt  and  nickel  around  Dobschau  occur.  The  veins 
are  througliout  the  district  very  varied  in  character,  fahlerz  (antimonial  grey  copper 
ore),  copper  pyrites,  chalybite  and  other  iron  ores,  stibnite,  and  quicksilver,  besides 
the  cobalt  and  nickel  above  mentioned,  being  worked  iu  them.  In  some  cases  ore- 
bearing  lodes  are  found  running  through  mas.«es  of  gypsum. 
[  Q  C. — The  Nagyldnya  District  comprises  another  very  remarkable  trachytic  region, 
in  some  respects  analogous  to  that  of  District  A,    The  richer  veins  occur  in  greenstone- 
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tnicliyte,  and  hoUl  native  gold,  auriferous  pyrites,  pyrargyrite,  native  silver,  j^alena, 
grey  copper  ore,  and  other  silver,  copper,  antimonial,  and  arsenic  ores,  witli,  occasion- 
ally, compounds  of  mansancsc,  zinc,  etc. 

D. —  The  Tranxylvanian  District.  Here  the  oldest  rocks  arc  crystalline  schists, 
upon  which  lie  deposits  of  Mesozoic  limestone  and  Tertiary  sandstone,  whilst  through 
these  i)ierce  eruptive  masses  of  various  kinds  (chiefly  trachyte,  greenstone,  dacite,  etc.) 
The  veins  of  this  cclehrated  district  are  mostly  gdld-hcaring,  the  precious  metal  occur- 
ring either  native,  and  often  beautifully  crystalline,  or  in  auriferous  tellurium  ores  and 
sulphides.     The  largest  gold  production  is  at  Vorospatak. 

E. — The  Banat  District  is  the  last  of  the  great  Hungarian  metalliferous  tracts. 
The  lodes  there  are  principally  situated  along  the  margin  of  the  main  mass  of  the 
crystalline  schists,  where  they  are  associated  ^vith  various  eruptive  rocks,  of  which 
banatite  is  one  of  the  most  remarkable.  Coppci",  silver,  gold,  lead,  and  chrome-iron 
ores  are  those  most  frequently  worked  here,  the  last-named  being  found  near  the 
Roumanian  frontier  in  connexion  with  masses  of  serpentine. 

F. — Coals  of  Carhoniferous  Age  occur  at  Eibenthal  in  Szoreny  County,  and  in  the 
neighbourhood  of  Reschitza  in  Krasso  County,  where  they  yield  coke  of  the  best 
quality. 

G. — CoaJs  of  Liassic  Age  occur  also  at  the  last-named  place,  near  Oi'avicza  in 
Krassd-Szoreny  County,  in  Baranya  and  Tolna  Counties,  and  in  Transylvania. 

H. — Brown-Coals  of  Cretaceous  Age  occur  in  Veszprimer,  Bihar,  and  Krassd- 
Szoreny  Counties. 

1.— Brown-Coals  of  Eocene  Age  occur  in  the  Gran  district  and  in  Veszprimer 
County. 

J. — Brown-Coals  of  OUgocene  Age  occur  in  the  same  regions  as  the  last,  in  the 
Counties  of  Xentra,  Hunyad  in  Transylvania,  Agram  in  Croatia,  and  Syrmi  in  Slavonia. 

K. — Brown-Coals  and  Lignites  of  Neogene  Age  occur  in  the  counties  of  Is'eograd, 
Oedenburg,  Barse,  Neutra,  Bihar,  Baranya,  Eisenburg,  Transylvania,  Varasdin  and 
Pozsega  in  Croatia,  Borsod  and  Gomor.  G.  A.  L. 


BORING  FOR  PETROLEUM  IN  S.  FRANCE. 

Recherches  du  petrole  a  Gahian  (Herault).     By  —  Zippeelen.      Comptes-Bendus 
Mensuels  des  Reunions  de  la  Societe  de  l'  Industrie  Minerale,  aim.  1885,  pp.  5, 6. 

Since  1605  the  occurrence  of  petroleum  oozing  out  of  the  ground  at  Gabian,  near 
the  river  Tanguc.  has  been  well  known.  Some  pints  of  mineral  oil  are  collected  daily, 
and  it  is  expected  that  there  exist  large  underground  reservoirs  of  it  only  waiting  to 
be  tapped.  In  order  to  test  the  correctness  of  this  view,  the  author  commenced  a 
boring  at  a  spot  -400  metres  (437  yards)  below  the  oil  spring.  The  rocks  bored  through 
are  all  of  Miocene  age,  and  C(jnsist  of  alluvium,  sandy  drift,  sandstones,  marls,  lime- 
stones, and,  lastly,  thick  conglomerates,  in  which  the  borehole  was  stopped  at  a  depth 
of  79-98  metres  (262  feet)  On  reaching  69  metres  (226  feet)  the  walls  of  the  hole  fell 
in,  and  a  mass  of  sand  and  pebbles  were  blown  out  of  the  hole  with  great  violence, 
under  the  pressure  of  enormous  quantities  of  accumulated  gases.  Since  that  out- 
burst strong  emanations  of  a  naphthous  nature  and  of  increasing  intensity  have  made 
themselves  felt.  Tlie  writer  estimated  the  thickness  of  the  conglomeiates  above- 
mentioned  at  120  or  130  metres  (393  and  42G  feet),  and  thinks  that  the  great  mass  of 
the  petrcjleum  will  be  found  beneath  them.  The  small  amount  of  oil  which  finds  its 
way  to  the  surface  being  only  what  the  generally  impervious  conglomerate  allows  to 
escape  by  cracks  and  fissures. 

A  second  borehole  is  being  put  down.  G.  A.  L. 
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SPANISH  MINES  IN  1883.     • 

(1)   H/uteria  de  la  Provincia  de  Almeria  eu  1883.     Anon.     Revista  Minera  y 
MetaUrgica,  An.  XXXVI.  (1885).  p.  294. 

The  mineral  produce  of  the  province  of  Ahiieria  for  the  year  1883  is  given  as 
follows:  — 


Iron  ore 
Lead  ore     ... 
Argentifei'ous  lead  ore 
Silver  ore    ... 
Copper  ore 
Zinc  ore 
Manganese  ore 
Sulphur  (unrefined) 

(2)  Mineria  de  la  Provincia  de  Murcia  en  1883 

An.  XXXVL,  p.  309 

That  of  the  province  of  Murcia  for  the  same  year  is 

Iron  ore 
Lead  ore 
Copper  ore  ... 
Zinc  ore 

Salt  

Alum 
Sulphur 

(3)  Mineria   de  la  Provincia  de  Oviedo  en  1883 


Tons. 
83,820 

16,888 

21,506 

22,100 

170 
1,579 

372 
29,815 

Anon.      Same  publication, 


Tons. 
599,203 

156,5-48 

14 

9,291 

1,500 

4,620 

23,049 


Anon.      Same  piuhlication. 


An.  XXXVL,  pp.  317,  318. 


Of  that  of  Oviedo  :— 

Iron  ore 
Quicksilver 

Cohalt  ore 

Manganese  ore 

Coal  

Lignite        

Peat  

(4)  Mineria  de  la  Provincia  de  Santander  en  1883 

An.  XXXVL,  p.  325. 
Of  that  of  Santander : — 

Iron  ore  (haematite) 
Iron  pyrites 
Copper  ore 
Zinc  ore 
Lead  ore 
Lignite 

(5)  Mineria  de  la  Provincia  de  Palencia  en  1883 

An.  XXXVL.,  jy.  ^M 
Of  that  of  Palencia  : — 

Copper  ore  (copper  pyrites) 

Coal 


Tons. 
42,974 

6,604 

19 

900 

469,620 

57 

230 

Anon.     Same  publication. 


Tons. 
83,256 

1,290 

20 

40,236 

9 

1,750 

Anon.      Same  publication, 


Tons. 
304 

216.443 
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(6)  Mhien'a  de  la  Froviiicia  de  Badajoz  en   1883.      Anon.      Same  publication. 

An.  XXXri.,  p.  M^. 

Of  that  of  IJiidiijoz  : — 

Tons. 
Iron  ores     ...         ...         ...         ...         ...         ...  700 

Lead  ore 12,270 

(7)  Mineria  de  la  Provincia  de  Jaen   en  1883,      Anon.      Same  publication, 

A71.  XXXVI.,  p.  302. 

Of  that  of  Jaen : — 

Tons. 
Lead  ore     89,391 

Salt  .- 23 

G.  A.  L. 


POPULAR  ERRORS  AS  TO  METALLIFEROUS  DEPOSITS. 

Popular  Fallacies  regarding  Trecious  Metal  Ore-deposits.  By  Albert  Williams, 
JuN.  Fourth  Annual  Report  of  the  U.S.  Geological  Survey  for  1882-83, 
Washington,  1884  {issued  1885). 

Some  of  the  views  commonly  held  by  miners,  and  for  which  there  is  little  or  no 
foundation  in  fact,  are  discussed  by  the  author  under  the  following  heads : — 
1. — Local  prejudices  against  certain  formations  and  in  favour  of  others, 
2, — The  supposition  that  the  richness  of  mineral  veins  usually  increases  with  depth, 
3. — The  prejudice  against  "specimen"  mines  (i.e.,  gold  mines  in  which  the  metal 
occurs  in  large  visible  masses,  and  silver  mines  yielding  excei)tionally  high- 
grade  ores). 
4-.— The  prejudice  in  favour  of  certain  strikes  and  against  others. 
n. — Tlie  ]n'edilection  for  "  true  fissures." 
6. — The  block  system  of  underground  prospecting. 
7. — The  prejudice  against  bedded  deposits  and  veins  of  small  dip, 
8, — That  the  appearance  of  ores  is  a  trustworthy  index  of  their  value, 

G.  A.  L. 


THE  MINERAL  RESOURCES  OP  THE  NEIGHBOURHOOD  OF  VIENNE 

(DEPARTMENT  OF  ISERE). 

Geologic  ef  Richesses  minerales  de  V arrondissement  de  T'iennc  (Tsere).  By  J.  CiiANS- 
SELLE.  Bulletin  de  la  Sociefe  de  I'lndustrie  Minerale,  Ser.  2,  Vol.  XIV..  pp. 
627-795.  Seven  8vo  Plates  and  Woodcuts,  and  four  folio  Plates  {Plates 
XXXI.-XXXIV.)  in  atlas.     Dated  1885  but  really  published  in  1886. 

A  very  complete  and  detailed  account  of  the  efforts  which  have  up  to  the  present 
been  made  to  trace  the  extension  of  the  St.  Etienne  coal-field  to  the  north-east  between 
Communay  and  Chamagnieu.  The  Coal-Measures  in  this  region  occur  as  a  long  narrow 
synclinal  fold,  encased  in  ancient  crystalline  rocks,  and  arc  covered  unconformably  by  a 
considerable  thickness  of  Miocene  Molasse  beds.  At  the  base  of  the  latter  are  valuable 
beds  of  iron  ore,  of  which  a  full  description  is  also  given.  In  addition  to  coal  and  iron, 
veins  containing  lead  and  other  ores  in  workable  ([uantities  have  long  been  known  in 
the  neighbourhood  of  Vienne,  and  these  are  all  enumerated  and  described  by  the  author. 
The  memoir  includes  the  measured  sections  of  borings  at  Simaudres,  Marennes,  Chap- 
onnay,  and  Toussion.  In  an  Appendi.x  (pp.  779-793)  further  details  as  to  the  mines  of 
Communay  and  the  patch  of  Coal-Measures  at  Condrien  arc  gi\  en.  Information  as  to 
Tertiary  lignites  and  peat  found  in  the  district  will  be  fnund  in  the  earlier  pages  of  the 
work,  G.  A,  L. 
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COAL-FIELDS  OF  GERMANY; 

Allemagne,  Esquisse  Geologique.    By  Dr.  E.  Haug.     Amiuaire  Geolopique  Universel, 

Paris,  1885,  pp.  75-91. 

A  clear  and  concise  sketch  of  the  geology  of  the  German  Empire.  The  Carbon- 
iferous system  is  described  as  follows  (p.  82) : — "  The  Ai.\-la-Chapelle  basin  is  the 
prolongation  of  the  Carboniferous  of  Belgium.  That  of  Westphalia  forms  a  strip 
skirting  the  Devonian  ranges  of  the  Rhine.  Coal  is  worked  on  a  large  scale  in  the 
valley  of  the  Ruhr,  the  Coal-Measures  resting  to  the  west  at  Ratlingen  on  the  Carbon- 
iferous Limestone,  and  to  the  east  on  a  series  of  shales  and  grauwackes  known  as  the 
Kulm,  and  characterised  by  Goniatites  sphaericus  and  Posidonomya  Becheri,  as  at 
Herborn.  This  Kulm  extends  towards  the  south  from  Stadtberge  to  beyond  Giessen, 
and  forms  a  band  of  varying  breadth,  separating  the  Devonian  region  from  the 
Triassic  plateau  of  Central  Germany. 

"  The  Saarbriick  coal-field  is  separated  by  faults  from  the  Trias  of  Lorraine,  and  is 
conformable  to  the  Permian  beneath  which  it  dips  in  the  direction  of  Kreuznach.  The 
Carboniferous  Limestone  is  wanting  here,  and  the  Coal-Measures  have  been  divided  by 
Weiss  into  two  stages,  the  Saarbriick  beds  (lower,  middle,  and  upper,  belonging  to  the 
Sigillaria  stage),  and  the  Ottweiler  beds  (lower  =  shales  with  Leaia,  and  grits  without 
Leaia,  and  upper).  The  Coal-Measures  occupy  but  a  small  area  in  the  Vosges  and 
Black  Forest,  but  on  the  other  hand  the  grauwackes  of  Thaun  in  tlie  southern  Vosges 
contain  a  rich  flora  of  the  age  of  the  Kulm.  Bleicher  has  made  known  from  these  same 
beds  indications  of  a  fauna  of  Vise  age  [Carboniferous  Liirestono]. 

"Carboniferous  deposits  of  minor  importance  occur  in  the  Frankenwald  and  near 
Manebach  in  Thuriugia. 

"  In  the  north-western  Harz  the  Kulm  covers  a  large  extent  of  country.  It  is 
through  these  deposits  that  the  rich  metalliferous  lodes  of  Clausthal,  Zellerfeld,  and  S. 
Ansdreasberg  run.  At  their  base  are  siliceous  shales,  then  the  Posidonomya  beds,  and 
the  Kulm  limestone  (at  Iberg  near  Grund),  followed  by  the  lower  grauwacke  of 
Clausthal  and  the  upper  grauwacke  of  Grund.  The  most  northern  Carboniferous  out- 
crop is  near  Ibbenbiiren  and  Osnabriick  in  Northern  Westphalia. 

"  In  Saxony  are  several  small  Coal-Measure  basins,  those  of  Zwickau,  Lugan, 
Hainichen,  Epersdorf ,  and  that  of  Potschappel  near  Dresden.  These  are  all  actively 
exploited,  as  also  are  those  of  Silesia."  G.  A.  L. 


COAL-FIELDS  OF  PORTUGAL. 

Portugal,  Esquisse  Geologique.     By  Paul  Choffat.      Amiuaire   Geologique 
Unioersel,  Paris,  1885,  pp.  333-3-iO. 

A  brief  sketch  of  the  geology  of  the  country. 

The  lower  portion  of  the  Carboniferous  series,  or  Kulm,  occupies  a  large  area  in 
Southern  Alemtejo.  It  is  composed  of  shales  and  grauwackes  of  great  thickness,  in 
which  very  few  fossils  have  so  far  been  found,  among  them  Posidonomya  acuticosta 
and  Calamites  communis. 

The  Coal-Measures  only  show  themselves  nortli  of  the  Ktdm  region.  Tliree  groups 
of  outcrops  are  known.  Of  these  the  southernmost  is  near  Sado,  still  in  Alemtejo.  The 
other  two  are  much  further  north,  in  the  neighbourhood  of  Coimbra  aiul  Oporto.  North 
of  the  Tagus  the  Coal-Measures  are  overlain  by  grits  and  conglomerates  which,  by  their 
fossils,  seem  to  be  of  Permian,  Triassic.  and  Rha^tic  age.  G.  A.  L, 
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THK  ALMS  COAL-FIELD. 

L' Accident  de  la  Grand  'Combe  et  le  sondage  de  Ricard.  By  —  Lafitte.  Bulletin 
de  la  Socieft'  de  VInduxtrie  Mint'rale,  Ser.  2,  Vol.  XIV.,  pp.  Sll-SSS.  One 
Plate  {Plate  XXVIII).     Dated  1S85  but  really  puhli.^hed  in  1886. 

A  ilt'scvi])ti(in  of  new  resoaiTlu's  on  (lie  He  oF  llie  scams  in  tlio  most  ini])orf:ant 
portion  of  the  Alais  coal-lield.  This  coal-lieUl  is  divided  into  two  jiarts  by  a  ridji^c  of 
iiiicaschist  striking  N.X.W.  and  S.S.K,  and  the  cuhninating  point  of  whi(;h  is  Mount 
Rouvergue.  Tlie  Coal-Measure  basin  of  La  Grand  'Combe  and  Portes  is  situated  to 
the  west  of  this  ridge,  and  is  b:ninded  on  the  west,  north,  and  east  by  the  micaschists ; 
to  the  south  it  is  concealed  by  overlying  Triassic  roclvs,  from  beneath  which  it  re- 
emerges  at  Kochebelle.  A  narrow  b  uid  of  Coal-Measures  skirts  the  southern  end  of 
the  Rouvergue,  and  connects  the  western  basin  with  that  of  Saint-Ambroix. 

The  seams  worked  in  the  Grand  'Combe  concession  form  two  distinct  districts, 
that  of  La  Grand  'Baume  and  Charajiclauson  and  that  of  the  hill  of  Sainte-Barbe. 
These  districts  are  separated  from  each  other  by  the  valley  of  the  Grand  'Combe.  The 
first  comprises  two  stages,  one  (that  of  Champclauson)  comprising  a  seam  of  coal  4 
metres  (1312  feet)  in  thickness,  and  the  other  (that  of  La  Grand  'Baume)  with  two 
principal  seams,  12  metres  and  3'dO  metres  (39"3G  and  11'48  feet)  thick  respectively. 
The  beds  of  this  group  are  remarkable  for  their  low  dip  and  regularity,  which  is  only 
interrupted  by  a  few  unimportant  faults.  Nevertheless,  on  approaching  the  Grand 
'Combe  stream  the  Grand  'Baume  seams  are  suddenly  uplifted  and  completely  reversed. 
The  direction  of  the  axis  of  this  revei-sal  is  north  30°  to  35°  east. 

In  the  Sainte-Bai-be  district,  which  adjoins  the  last  at  the  line  of  disturbance  above- 
mentioned,  there  are  fourteen  seams  of  coal  in  250  metres  (820  feet)  of  Coal-Measure 
strata.  Of  these  the  lowest,  named  Concha  Sans-Nom,  or  nameless  seam,  is  known 
over  a  large  extent  of  ground.  The  beds  in  this  division  are  much  disturbed,  especially 
by  abrupt  anticlinals,  more  or  less  accompanied  by  reversals  running  parallel  to  that  of 
the  Grand  'Combe.  Tlie  relations  of  the  scams  of  the  two  contiguous  basins  described 
have  long  been  matter  of  doubt.  It  was  supposed  that  the  Sainte-Barbe  seams  be- 
longed to  a  lower  horizon  than  those  of  La  Grand  'Baume,  and  had  been  brought  to 
the  same  level  as  the  latter  by  means  of  a  reversed  fault,  to  which  the  uplifting  and 
reversal  at  the  Grand  'Combe  could  also  be  ascribed.  In  order  to  test  this  hypothesis 
a  boring,  called  the  "Ricard"  bore,  was  put  down  from  the  floor  of  the  lower  Grand 
'Baume  scam  in  February,  1881.  By  April,  1882,  a  dei)th  of  400  metres  had  been 
reached  and  nothing  but  worthless  strings  of  carbonaceous  matter  had  been  met  with. 
The  boring  was  then  stopped  and  another  put  down  in  the  Sainte-Barbe  basin  from  the 
floor  of  the  Sans-Nom  seam.  Here  again,  with  the  exception  of  a  seam  0'40  metres 
(1'312  feet)  thick,  no  coal  was  met  with,  and  the  hole  was  abandoned  in  December, 
1882,  at  a  depth  of  297  metres  (97i'16  feet).  In  the  meantime,  explorations  in  the 
neighbourhood  were  found  to  prove  that  the  Grande  'Combe  trouble  had  a  much  greater 
throw  than  had  previously  been  supposed,  and  in  February,  1884,  boring  was  resumed 
at  the  first,  or  Ricard  hole.  At  a  depth  of  731'24  metres  the  success  predicted  by 
Messrs.  Zeiller  and  Grand  'Eury,  the  engineers,  was  attained,  and  a  seam  5'37  metres 
(17'6  feet)  was  struck,  which,  it  is  thought  probable,  is  one  of  the  Sainte-Barbe  group. 
If  this  be  so,  the  amount  of  throw  of  the  reversed  fault  thus  jirovcd  must  be  con- 
siderably greater  than  the  dejjth  mentioned. 

Full  details  of  the  Ricard  boring  are  given,  together  with  an  explanatory  map  and 
sections.  G.  A.  L. 
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COAL-FIELDS  OF  SWEDEN. 

Suhde  et  Norivege,  Esquisse   Oeologique.      Bij  Db.   F.  Svedonius.     Annuaire 
Oeologique  Umverscl,  Paris,  1885,^^.  353-361. 

A  sketch  of  the  geology  of  Scandinavia. 

The  Ehsetic  formation  and,  in  part,  the  lowest  division  of  the  Lias  are  represented 
in  the  ijrovince  of  Scania  by  the  beds  which  contain  the  only  coals  in  Sweden.  These 
coals  are  usually  accompanied  by  fire-clays,  which  are  in  many  places  \\orked  with 
them.  This  is  especially  the  case  at  Hoganas  since  1797,  and  at  Bille.sholm,  Bjuf, 
Stabbarp,  and  Skroniberga,  where  the  beds  in  question  have  only  been  worked  of  late 
years.  A  pit  is  being  sunk  (1881)  near  Engelholm.  Tlie  number  of  seams  varies,  and 
in  thickness  they  are,  on  an  average,  from  one  foot  to  more  than  a  yard.  In  1877  the 
production  of  the  Scania  coabfield  reached  a  total  of  3,998,449  cubic  feet. 

The  best  Swedish  coals  are  used  for  all  the  purposes  for  which  those  of  Britain 
are  suitable.  As  regards  absence  of  sulphur  and  phosphorus  they  are  superior  to  the 
latter.  G.  A.  L. 


COAL  AND  IRON  IN  CENTRAL  AMERICA. 

L'Isthme  de  Tehuantepec.    By  Felix  Laueent.    Le  Genie  Civil,  Vol.  VIII.  (1886), 
pp.  193-196.     Fire  Woodcnfs  in  ihe  texf. 

A  canal  across  the  Isthmus  of  Tehuantepec  was  first  proposed  by  Mr.  Mora,  an 
Ainerican  engineer,  in  1843.  This  project  was  examined  by  a  scientific  commission  in 
1871,  and  recognized  by  it  as  impracticable j  but  a  canal  with  locks  from  Minatitlan 
on  the  Gulf  of  Mexico  to  Tehuantepec  on  the  Pacific  shore  was,  at  the  same  time, 
pronounced  feasible.  Both  schemes  were  abandoned  in  favour  of  that  now  in  course 
of  execution  at  Panama.  The  scientific  results  of  the  explorations  made  at  the 
instance  of  the  above-mentioned  commission  were,  however,  valuable,  and  the  present 
paper  is  an  account  of  them.  The  total  breadth  of  the  isthmus  is  about  200  kilometres 
(124i  miles).  Its  mineral  resources  are  briefly  described,  and  comprise  iron  ores  in 
abundance,  chiefly  magnetite  and  haematite ;  coal,  a  brown  cannel-like  variety  which 
the  Indians  are  in  the  habit  of  using  for  forge  purposes,  and  which  they  kindle  with 
wood;  petroleum  and  asjihalt,  the  former  impregnating  the  soil  and  in  shales;  large 
salt-deposits  at  Salina  Cruz,  which  are  worked  and  find  a  market  in  the  interior  of 
Mexico;  brine  springs;  white  and  coloured  marbles,  limestones,  and  clays.  The  rocks 
of  the  isthnnis  are  mostly  igneous,  and  eleven  extinct  volcanoes  are  situated  within  its 
limits.  G.  A.  L. 


COAL  IN  ILLINOIS. 

Statistics  of  Coal  in  Illinois,  1885.  A  Supplementary  Beport  of  the  State  Bureau 
of  Labour  Statistics,  containing  the  Annual  Reports  of  Mine  Inspectors. 
Edited  by  John  S.  Lord.     Springfield,  III.,  1885,  185  pp.     Eight  Plates. 

This  is  the  fourth  annual  report  of  this  kind  published  by  the  State  of  Illinois, 
and  it  comprises  every  sort  of  information  connected  with  the  working  of  coal  in  the 
country,  arranged  according  to  five  districts,  each  under  a  special  inspector.  In  the 
year  ending  Jul'y  1st,  1885,  there  were  in  Illinois  49  counties,  producing  9,791,874  tons 
of  coal,  worked  in  786  mines,  employing  25,446  men.  Although  this  shows  an  increase 
in  the  number  of  mines  as  compared  with  previous  years,  the  total  output  has  been 
somewhat  less  than  in  either  18S4  or  1883.  G.  A.  L, 
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THE  FOUMATIOX   OF  COAL. 

Recherches  Ckimiqucs  fur  la  Formation  de  la  lloullle.  By  —  FiiEMV.  SocietS  des 
Ingenieurs  sort  is  de  I'Ecole  provinciate  d'  Industrie  et  des  mines  du  Hainaut. 
Scr.  2,  Vol.  XVI.,  pp.  142  149. 

As  the  result  of  his  experiments,  the  author  couchides  that : — 

1. — Coal  is  not  an  organised  body. 

2. — The  vcs^etablo  impressions  found  in  coal  are  produced  in  coal  as  in  shales  or 
other  mineral  substances  :  the  coal  was  a  bituminous  and  plastic  material,  ujwn  the 
external  parts  of  which  vegetables  were  readily  moulded. 

3. —  When  a  piece  of  coal  exposed  its  surface  to  vegetable  impressions,  it  might 
happen  that  the  parts  of  the  coal  underneath  were  not  the  result  of  the  alterations  of 
tissues  which  were  covered  by  the  external  membranes  whose  form  had  been  preserved. 

4. — The  principal  bodies  found  in  the  cellules  of  vegetables,  when  subjected  to  the 
influences  of  heat  and  pressure,  produce  substances  which  are  very  similar  to  coal. 

5. — Colouring,  resinous,  and  fatty  matters,  that  may  be  extracted  from  leaves,  are 
converted  by  the  action  of  heat  and  pressure  into  substances  similar  to  bitumen. 

6.  —The  vegetable  producers  of  coal  were  subjected  at  first  to  peat  fermentation, 
which  destroyed  all  vegetable  organism,  and  by  a  secondary  action,  produced  by  heat 
and  pressure,  the  coal  was  formed  at  the  expense  of  the  peat.  M.  W.  B. 


POETSCH'S   SYSTEM    OF    PASSING    THROUGH     WATER-BEARING 

STRATA. 

Memoire  sur  la  Methode  de  Congelation  de  M.  Poetsch,  pour  le  Foni^age,  des  Puits  des 
Mines  en  Terrains  aquiferes.  By  M.  F.  Lebretox.  Annates  des  Mines,  Ser.8, 
Vol.  VIIL,  pp.  111-171,  and  Plate  III. 

Descriptions  of  this  system  appear  on  pages  39  and  72  of  the  Abstracts  of  Foreign 
Papers,  in  Volume  XXXIV. 

CoMPAEATivE  Cost  of  vaeious  Modes  of  Sinking  through  Water- 
bearing Strata. 


System. 

CoUiery. 

Cost  per  Foot 
of 

Total 
Depth  of 

Strata  passed 
through. 

Time 
in 

Sinking 

Sinking. 

Months. 

£          8. 

d. 

Feet. 

Triger 

Havre    ... 

888  19 

0 

124 

Running  sand  and 
water  -  bearing 
chalk. 

48 

)> 

La  Louviere     ... 

98     3 

0 

42 

Quicksand 

2 

Chaudron  ... 

Sainte-Waast   ... 

37     8 

0 

321 

Chalk  marl  and 
sand 

29 

„ 

Lescarpelle 

20  17 

0 

331 

Sand  and  chalk... 

11 

,, 

Sainte-Barbe    ... 

33     3 

0 

180 

Clays,  marls,  and 
sand. 

18 

,,         .. . 

Sainte-Marie     ... 

12     9 

0 

344 

13 

„ 

Rothausen 

38  11 

0 

338 

VVHiite  marls 

25 

Poetsch 

Archibald 

17  16 

0 

131 

Quicksand 

„           ... 

Emilia 

25  16 

0 

140 

Sands,  etc. 

8 

„           ... 

Koenig's  Waster- 
hausen. 

30     0 

0 

98 

Sands,  with  large 
boulders. 

6 

M.  W.  B. 
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EXPERIMENTS  UPON  THE  EFFECTS  OF  ATMOSPHERIC   PRESSURE 
UPON  THE  PRODUCTION  OP  FIRE-DAMP  IN  COAL-MINES. 

Tiber  ScMagende  Wetter.     By  Peof.  Edward  Suess.     Verhandlungen  der  K.K. 
geologischen  Meichsanstalt.  1885,  pp.  320-326. 

The  experiments  made  at  the  Archduke  Albert's  colliery,  near  Karwin,  in  Austria, 
with  the  object  of  proving  whether  the  height  of  the  barometer  had  any  influence  upon 
the  volume  of  fire-damp  in  the  air  of  the  mine,  have  given  the  following  results :  — 

1. — The  quantity  of  fire-damp  in  the  air  usually  increases  as  the  pressure  of  the 
atmosphere  decreases,  and  diminishes  as  the  pressure  of  the  atmosphere  increases. 

2. — The  quantity  of  fire-damp  in  the  air  depends  npon  the  rapidity  of  the  alteration 
of  the  pressure  of  the  atmosphere. 

3. — The  quantity  of  fire-damp  is  not  proportionate  to  the  actual  pressure  of  the  air. 

4. — Where,  after  a  rapid  rise  of  the  barometer,  it  continues  to  rise  less  rapidly  or 
remains  stationary  for  some  time  at  the  maximum  point,  the  volume  of  fire-damp  in  the 
air,  which  diminishes  during  the  rapid  rise  of  the  barometer,  will  gradually  increase  ; 
or  where,  after  a  sudden  fall  in  the  barometer,  it  continues  to  fall  less  rapidly  or 
remains  stationary  for  some  time  at  the  minimum  point,  the  volume  of  fire-damp  in 
the  air,  which  increases  during  the  sudden  fall  of  the  barometer,  will  gradually 
diminish.  It  would,  therefore,  appear  that  the  maximum  or  minimum  in  the  height  of 
the  barometer  does  not  coincide  respectively  with  the  minimum  or  maximum  volumes  of 
fire-damp  in  the  air.  M.  W.  B. 


PRELIMINARY  NOTICE  OF  THE  BENGAL  EARTHQUAKE  OF 

JULY  14Tn,  1885. 

By  H.  B.  Medlincote.     Records  of  the  Geological  Survey  of  India,  Vol.  XVIII., 

■page  157. 

Suggests  that  this  earthquake  may  have  been  a  result  ensuing  from  the  change  in 
the  course  of  the  river  Brahmaputra,  about  1800.  The  accumulation  of  70  years' 
deposits  of  this  river,  which  is  a  greater  carrier  of  silt  than  the  river  Ganges,  may  have 
had  some  influence  in  producing  the  catastrophe. 

The  crust  of  the  earth  is  in  a  state  of  continual  strain,  owing,  in  some  degree,  to 
relative  changes  in  the  internal  and  external  volumes  due  to  secular  refrigeration,  and 
to  other  disturbances  of  equilibrium,  such  as  the  wholesale  removal  of  matter  from  one 
part  to  another  (suggested  above)  amounting  to  enormous  quantities  in  a  few  years. 
Re-adjustments  of  equilibrium  are  constantly  proceeding,  so  slowly  as  to  be  almost 
imperceptible,  but  sudden  collapses  must  also  occur,  producing  the  effects  known  as 
earthquakes.  M.  W.  B. 


SURFACE  EARTHQUAKES  IN  THE  NORTH  OF  FRANCE. 

(1)  Sur  un  tremhlement  de  terre  partiel  de  la  surface  seule  du  sol,  dans  le  departement 
du  Nord.  By  —  Vielet  d'Aoust.  Comptes  Bendus  de  V Academic  des  Sciences, 
Vol.  CI,  1885,  ijp.  189-190. 

The  Escarpelle  collieries  are  situated  at  Dorignies-Flers-Douai  in  the  Department 
of  the  Nord.  The  Coal-Measures  at  pits  3,  4,  and  5  are  overlain  by  unconformable 
Cretaceous  rocks,  consisting  of  130  metres  (426"4  feet)  of  plastic  clays  in  very  thick  and 
solid  beds  (locally  dieves),  by  100  metres  (328  feet)  of  solid  green  sands  (boulanfs).  Pit 
No.  5,  which  seems  to  have  been  the  initial  point  of  the  shock  described,  has  a  total 
depth  of  344  metres  (1, 128*3  feet),  and  by  it  are  worked  six  coal-seams,  of  an  average 
thickness  of  O^Oo  metres  (25'3  inches),  by  means  of  two  levels,  respectively  278  and  334 
metres  deep  (912  and  1,195  feet). 
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While  earthquake  shocks  were  very  distinctly  felt  at  the  surface  at  Dorignies-Flers- 
Douai  the  men  in  the  workings  felt  and  heard  nothing,  and  no  trace  of  seismic  action 
was  detected  in  the  galleries  or  shafts.  The  shock  was,  in  fact,  limited  altogether  to  the 
Cretaceous  rocks,  and  did  not  extend  to  the  underlying  Coal-Measures.  The  date  of  the 
shock  was  the  24th  June,  1885. 

(2)  A'ouveaii  tremblement  de  terre  partiel  aiix  environs  de  Douai  {Nord).     By  the 

same.     Same  publication,  p.  4-87. 

A  repetition  of  the  superficial  earthquake  described  above  is  described  in  this 
additional  note  as  having  taken  place  on  the  5th  August,  the  circumstances  being  in 
every  respect  identical  in  both  cases.  G.  A.  L. 


GOLD  IN  ANDALUSIA. 

(1)  Sur  Vdge  des  eruptions  pyroxino-amphiholiqiies  {diorites  et  ophites)  de  la  Sierra  de 
Peiiaflor,  la  genese  de  I'or  de  ces  roches  et  sa  dissemination.  By  A.  F.  NoGUES. 
Complex  Rendus  de  V  Academie  des  Sciences,  Vol.  CI.,  1885,  jsjo.  80-83. 

In  1884  the  author  had  called  attention  to  a  singular  occurrence  of  gold  in  Anda- 
lusia where  it  is  found  associated  with  thick  dykes  of  igneous  rock  (chiefly  diorites, 
auiphibolites,  and  serpentines).  These  come  to  the  surface  in  the  shape  of  hillocks, 
along  the  junction  between  limestone  and  Silurian  scliists  from  the  Retortillo  to  the 
Guadalbacar  on  both  flanks  of  the  little  mountain  chain  of  Peiiaflor  and  Puebla  de  los 
Infantes.  He  now  gives  fuller  details  on  the  svibject,  and  arrives  at  the  following 
conclusions : — 

1. — The  diorites  and  amphibolitcs  of  the  Sierra  of  Peiiaflor  were  in  eruption 
for  a  period  beginning  in  Middle  Miocene,  and  lasting  till  Pliocene  times. 
2. — Thermo-mineral  springs  coincided  with  these  eruptions  and  filled  pre- 
existing fissures  and  crevices  in  the  rocks  with  auriferous  ores  of  copper, 
nickel,  and  iron,  and  with  alkaline  salts. 
3. — The  ferro-aluminous  soil  of  the  summits  and  flanks  of  the  Sierra  are  due  to 
the  secular  decomposition  in  place  and  to  the  superficial  disintegration 
of  the  igneous  rocks  above-mentioned,  as  well  as  of  the  hydi-o-mineral 
ejectamenta. 
4. — The  gold,  native  or  combined  in  varying  proportions,  has  been  brought  by 
the  Pyroxene  amphibole  rocks.  It  is  found — 1st,  in  the  metalliferous 
infillings  at  the  contact  between  the  dykes  and  the  crystalline  limestone 
or  older  rocks;  2nd,  in  the  Tertiary  limestones  and  sandstones,  also  in 
connexion  with  the  dykes ;  3rd,  in  the  red  ferro-aluminous  soils ;  4th, 
in  the  allu\  ia  of  the  plain ;  and  5th,  in  the  diorites  and  amphibolites 
themselves.  G.  A.  L. 


(2)  Note  sur  les  Gisements  aurifhrcs  de  VAndalousie.     By  A.  F.  NoGtJES.     La  Genie 
Civil,  Vol.  nil.,  pp.  247-249,  279-281. 

The  working  of  gold  in  Spain  is  of  very  great  antiquity,  being  mentioned  by  Strabo 
the  historian ;  the  mines  being  worked  in  turn  by  Phenicians,  Carthaginians,  Romans, 
and  finally  by  the  Moors.  The  discovery  of  America  was  a  fatal  blow  to  this  and  other 
mining  industries  of  Spain.  A  few  concessions  were  granted  in  the  16tli  and  17th 
centuries.  In  the  last  five  years  there  has  been  considerable  activity.  In  1880  there 
were  17  concessions  granted,  with  an  area  of  931  acres  ;  in  1881  there  were  143  new 
concessions,  with  an  area  of  9,330  acres. 
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The  most  interesting  of  the  auriferous  deposits  of  Andalusia  are  situated  in  the 
Sierra  de  Penaflor  and  La  Puebla  de  los  Infantes.  The  peculiarity  of  these  deposits 
consists  in  the  dissemination  of  the  native  and  combined  gold  in  the  superficial  arable 
soils  rather  than  in  the  presence  of  the  precious  metal  in  the  heaps  of  debris  at  the 
junction  of  the  eruptive  rocks  with  limestone  or  schists.  The  diffusion  of  the  gold  is 
very  general,  with  centres  of  greater  richness,  but  the  boundaries  as  yet  are  scarcely 
deteniiined. 

The  deposits  are  found  lying  between  Peiiaflor  and  La  Puebla  de  los  Infantes  on 
the  north  bank  of  the  River  Guadalquivir.  Tlie  section  shows  a  number  of  small  hills 
which  are  offshoots  of  the  Sierra  Morena.  The  lowest  strata  are  :  (1)  Hypozoic.  gneiss 
and  mica  schists ;  (2)  Lower  Palajzoic,  a,  micaceous  schists,  h,  quartzites,  and  more  or 
less  lustrous  schists,  o,  magnesiau  limestones,  crystalline  limestones  alternating  with 
schists  and  marmorean  limestones,  d,  and  there  is  a  cover  of  Tertiary  limestones  upon 
the  hills  more  than  1,000  feet  above  the  level  of  the  Guadalquivir.  A  thick  bed  of 
Post-Tertiary  alluvium  is  found  on  the  sides  and  bottoms  of  the  valley.  A  conglomerate, 
remarkable  for  the  proportion  of  gold,  is  found  near  the  bottom  of  the  Tertiary 
measures.  The  Primary  rocks  are  traversed  by  thin  threads  of  metalliferous  quartz, 
and  intrusive  igneous  rocks  which  are  wedged  between  the  limestones  and  schists,  and 
extend  for  a  distance  of  10  miles  between  the  Retortillo  and  Guadalbacar  rivers.  These 
igneous  rocks  are  found  in  the  bed  of  the  Arroyo  at  Peiiaflor  and  in  the  cutting  of  the 
railway.  The  auriferous  district  extends  into  the  valleys  running  into  the  Guadal- 
quivir. 

The  greater  part  of  the  surface  and  even  the  higher  hill  is  covered  with  a  red  soil 
containing  specular  iron  ore.  magnetic,  and  titaniferous  iron,  together  with  all  the 
elements  and  debris  of  the  igneous  and  other  adjncent  rocks,  and  lastly  combined  and 
native  gold.  The  presence  of  considerable  quantities  of  clay  in  the  red  soil  cannot  be 
explained  by  the  disintegration  of  the  igneous  rocks,  but  may  have  been  caused  by  hot 
springs.  Avhich  have  dejiosited  on  the  surface  masses  of  muddy  magnesia-alum. 

The  gold  is  found  unequally  disseminated  in  this  red  soil,  varying  from  2  to  8  feet 
in  thickness,  with  an  area  of  about  25,000  acres  in  the  neighbourhood  of  Peuatior.  If 
the  soil  averages  3  feet  in  depth  and  contains  only  48  grains,  or  8s.  worth  of  gold  per 
cubic  yard,  the  total  value  will  be  about  £400,000,000. 

The  red  soil  weighs  about  22\  cwt.  per  cubic  yard,  and  when  washed  loses  about 
19  cubic  feet  of  clay,  weighing  \^\  cwt.  The  coarse,  sandy  residue  measures,  therefore, 
about  8  cubic  feet,  with  a  weight  of  5|  cwt.  The  soil  is  washed  until  the  water  runs 
away  clear  and  bright.  This  sandy  residue  is  next  washed  carefully  in  a  cradle,  and 
leaves  a  finer  residue — a  black  sand,  which  is  characteristic  of  the  auriferous  deposits. 
This  heavy,  black,  fine  sand  consists  of  crystalline  minerals,  chiefly  magnetic  iron, 
mixed  with  specular  iron  ore,  also  ilmenite,  small  crystals  of  rutilite,  zircon,  mullerine, 
etc.,  and  lastly  native  and  combined  gold.  The  native  gold  appears  to  have  the  same 
origin  as  the  black  sand,  and  to  be  derived  from  the  igneous  rocks,  diorites,  etc. 

Gold  is  found  in  varying  quantities,  but  always  workable  to  profit.  From  many 
trials,  it  appears  that  the  average  quantity  is  60  to  70  grains,  worth  from  10s.  to  lis. 
per  cubic  yard.  M.  Levy  found  it  to  contain  80  to  105  grains,  worth  from  13s.  to 
17s  6d.  per  cubic  yard ;  M.  L.  Calderon  has  found  320  grains,  worth  about  53s.  per 
cubic  yard.  Speaking  generally,  about  one-half  of  the  gold  is  native,  and  the  rest  in 
the  combined  form. 

The  methods  suitable  for  the  extraction  of  the  gold  in  this  district  are  sluices  and 
amalgamation;  and  means  will  be  required  for  the  extraction  of  the  combined  as  well 
as  the  native  gold.  M.  W.  B. 
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MANUFACTURE  OF  COKE  IN  THE  UNITED  STATES  OF  NORTH 

AMERICA. 

The  Jfanufacfure  of  Coke.     B//  .1.  I").  Wekks.     Mineral  Ee.iource.i  of  ihe  Vnited 
States.  1883  and  1884,  jojy.  141-213. 

Statistics. 


o 

No. 

of 

3) 

Value  of  Coke 

at 

u  to 

Coke  Ovens. 

5,* 

Ovens.* 

Year. 

States  and 

M"^ 

Coke 

a  o 

Territories. 

s> 

Produced. 

p.", 

!2; 

Built. 

Build- 
ing. 

<u  o 

Gross. 

Per  Ton. 
s.      d. 

Tons  of 

Tons  of 

£ 

2,000  lbs. 

2,000  lbs. 

1880. 

Ohio       

15 

616 

25 

172,453 

100,596 

58 

53,311 

10 

7? 

Pennsvlvania  ... 

124 

9,501 

836 

4.347.558 

2.821.381. 

65 

1,094,800 

7 

9 

Tennessee 

6 

656 

68 

217,656 

130.609 

60 

65,960 

10 

1 

West  Virg-inia. . . 

18 

631 

40 

230,758 

138,755 

60 

66,416 

9 

7 

1881. 

Other  States,  \-c. 
Totals 

Ohio      

23 

968 

190 

269,316 

146,956 
3,338,300 

54 
63 

101,024 
1,381,514 

13 

y 

186 

12,372 

1,159 

5.237.741 

8 

3^ 

15 

641 

201.145 

119,469 

59 

62,027 

10 

U 

Pennsylvania  ... 

132 

10,881 

761 

5,393,503 

3,437,708 

63 

1,228,871 

7 

2 

Tennessee 

6 

724 

84 

241,644 

143,853 

59 

71,372 

9 

11 

West  Virginia... 

19 

689 

304,823 

187,126 

61 

89.494 

9 

7 

1882. 

Other  States,  &c. 
Totals 

Ohio      

25 

1,184 

160 

405,547 

225,604 

55 

157,648 

14 

0 

197 

14,119 

1,005 

6,546,662 

4,113,760 

63 

1,609,412 

7  10 

16 

647 

181,577 

103.722 

57 

55.440 

10 

H 

Pennsylvania  .. 

137 

12,424 

642 

6,149,179 

3,945,034 

64 

1,277.854 

6 

H 

Tennessee 

8 

861 

14 

313,537 

187.695 

GO 

98,439 

10 

6 

West  Virginia... 

22 

878 

.  .  • 

366,653 

230,398 

63 

108.424 

9 

5 

1883. 

Other  States,  &c. 
Totals 

Ohio     

32 
215 

1.546 

56 

566,700 

326,472 

57 
63 

222,795 

13 

71 

16,356 

712 

7,577,646 

4,793,321 

1,762.952 

7 

H 

18 

682 

152,502 

87.834 

57 

47,012 

10 

H 

Pennsylvania  ... 

140 

13,610 

211 

6,823,275 

4.438,464 

65 

1,127,164 

5 

1 

Tennessee 

11 

992 

10 

330,961 

203,691 

61 

95.651 

9 

^ 

West  Virginia... 

24 

962 

411.159 

257,519 

62 

117.394 

9 

u 

1884. 

Other  States,  &c. 
Totals 

Ohio     

38 

2,058 

186 

798,773 

477,213 

59 

304,780 

13 

r 

231 

18,304 

407 

8,516,670 

5,464,721 

64 

1,692,001 

6 

2* 

19 

732 

108,164 

62,709 

58 

32.561 

10 

4* 

Pennsylvania  ... 

145 

14,285 

232 

6,204,604 

3,822,128 

62 

996,506 

5 

2i 

Tennessee 

13 

1,105 

175 

348,295 

219,723 

63 

89,348 

8 

U 

West  Virginia. . . 

27 

1,005 

127 

358,588 

223,472 

61 

88,740 

7 

lU 

Other  States,  &c. 
Totals 

46 
250 

2,430 
19,557 

278 
812 

932,323 

545,773 

58 

301.778 
1,-508,933 

11 

Of 

7,951,974 

4,873.805 

61 

6 

2| 

*  Dollar  =  4s.  2d. 
The  paper  concludes  with  the  fullest  particulars  as  to  the  manufacture  of  coke  in 
all  the  States  and  Territories.     Giving  information  of  all  the  works,  chief  markets, 
analyses  of  coal  and  coke,  results  of  washing,  costs  of  manufacture,  pei'centage  of  coke, 
appearance  of  cokes,  mode  of  burning,  etc. 
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The  most  generally  employed  oven  appears  to  be  the  common  beehive,  from  11  to 
12  feet  in  diameter,  with  au  average  load  of  abont  3-8  tons  of  coal,  from  2  to  2^  feet 
deep,  burning  48  or  72  hours.  Belgian  or  fiued  ovens,  of  various  descriptions,  are  in 
use,  such  as  the  Gobiet,  Copp6e,  etc.,  but  they  are  chiefly  used  for  coking  semi- 
bituminous  coals. 

The  details  are  too  numerous  for  insertion  in  this  abstract,  and  the  reader  will  find 
the  fullest  information  by  referring  to  the  paper.  M.  W.  B. 


MINING  PRODUCE  OF  THE  DISTRICT  OF  DORTMUND  (HANOVER, 
WESTPHALIA,  AND  RHENISH  PRUSSIA)  IN  1885. 


Produktions-Uhersrcht  der  im   OheriergamtshezirJc  Dortmund  i 
Betreh  gewesenen  Bergvierke  und  Salinen.     GUickauf,  No 

A. — Coal  Minks. 


District. 

1.- — Osnabriick 

2. — Hauim 

3. — Dortmund,  East   ... 

4.—       Do.         West 

5.— Witten  

6. — Sprockhovel 

7. — Dahlhausen 

8. — Bochum 

9. — Heme 
10. — Recklin  ghau  sen     ... 
11. — Gelsenkirchen 
12. — Essen 
13. — Frohnhausen 
14. — Oberhausen 
15. — Altendorf 
16.— Werden  

Private  mines  in  1885  . . . 
Government  mines  in  1885 

Grand  total  of  1885 

Do.  1884 


No.  of 
Collieries. 

9 

5 

13 

16 

9 

.   29 

.   16 

11 

7 

,   10 

9 

8 

11 

.   15 

17 

10 

.  195 

2 


Produce 
in  Tons. 

118,217 

584,852 
1,775,049 
2,046,112 
1,653,972 

475,794 
2,039,818 
2,947,001 
2.325,467 
1,876,942 
3,140,062 
2,892,962 
2,497,600 
3,023,694 
1,083,756 

305,857 

28,787,155 
183,168 


m  Jahre   1885,  in 
.  17.  1886. 


Persons 
Employed. 

1,181 
2,220 
7,330 
8,529 
5,879 
2,080 
7,655 
9,974 
7,804 
6,234 

10,341 
8,499 
8,010 

10,247 
3,570 
1,183 


100,736 
1,093 


197       28,970,323         101,829 


197       28,400,586         101,013 


B.— Ikon  Oke  Mines. 


District. 

1. — Osnabriick 

2. — Hamm 

3.—  Dortmund,  East 

6. — Sprockhovel 

7. — Dahlhausen 
15. — Altendorf 
16. — Werden 

Total  of  1885   .. 

Do.      1884   . 


No.  of 
Mines. 

9 

Produce, 
in  Tons. 

222,302 

Persons 
Employed 

867 

1 

1,200 

10 

3 
3 
1 
2 
1 

79,213 

44,798 

194,672 

2,601 

6,992 

399 

237 

659 

26 

32 

.       20 

551,778 

2,230 

21 

553,271 

2,037 

S9 


('. — Zixc  Ore  Mines. 


District 

No.  of 
Mines. 

Produce 
in  Tons. 

Persons 
Employed. 

5.- 

-Wittou                         

1 

21 .566 

535 

6.- 

— SprockhOvel 

2 

2,297 

24 

16.- 

— Werdeu 

2 

9,277 

465 

Total  of  1885 

Do.      1884 

5 
5 

33,140 

1,024 

31,874 

1,072 

D. — Lead  Ore 

Mines. 

District. 

No.  of 
Mines. 

Produce 
in  Tons. 

Persons. 

Employed. 

5.- 

-Witteil            

2 

220 

18 

IG.- 

-Werdeu        

2 

871 

87 

Total  of  1885 

4 

1,091 

105 

Do.      1884 

6 

801 

107 

E. — Copperas 

Mines. 

District. 

No.  of 
Mines. 

Produce 
in  Tons. 

Persons 
Employed. 

1.- 

— Osnabriick               

1 

366 

3 

6.- 

— Sprockhovel            

1 

18,726 

109 

16.- 

— Werden 

Total  of  1885 

1 
3 

160 

2 

19,252 

114 

Do.      188-4 

3 

31,753 

190 

- 

^ 

' 

F. — Salt  Works. 

District. 

No.  of 
Works. 

Produce 
in  Tons. 

Persons 
Employed. 

1. 

— Osnabriick  ... 

2 

1,061 

39 

2. 

— Darum          

Private  works  in  1885 

3 

5 

16,931 

174 

17,992 

213 

Government  works  in  1885    .. 
Grand  total  in  1885 
Do.           1884 

1 
6 
6 

1,912 

30 

19,904 

243 

19,560 

238 

M.  w.  b. 


EXTRACTION  OF  COBALT  AND  NICKEL  FROM  MANGANIFEROUS 

MINERALS. 

De  V Extraction  du  Cobalt  et  du  Nickel  des  minerais  man ganif ires.     By  F.  Gautier. 
Le  Genie  Civil,  Vol.  VIII.,  pp.  246-247. 

This  new  process,  invented  by  Mr.  Herren  Schmidt,  and  applied  with  success  at 
works  in  Sydney  (Australia),  is  very  economical  and  simple  in  its  working. 

The  mineral  is  ground  to  an  impalpable  powder,  and  passed  through  sieves  with 
10,000  meshes  per  square  inch  :  it  then  passes  into  metal  boilers  containing  5  tons  of 
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mineral  with  sufficient  sulphate  of  iron  and  water  to  make  a  limpid  pulp.  It  is  boiled 
for  two  hours  by  steam,  forming  sulphates  of  cobalt  and  manganese  and  peroxide  of  iron, 
which  is  separated  by  filtration.  This  residue  is  calcined  and  sold  under  the  name 
of  Indian  Red  for  the  painting  of  ships,  etc.  The  liquid  is  treated  for  its  cobalt  and 
nickel,  with  freshly  precipitated  hydrated  protoxide  of  manganese  ;  this  operation  is 
made  when  hot  and  all  is  passed  to  the  filter  press.  It  produces  hydrated  protoxides 
of  cobalt  and  nickel,  which  may  be  dissolved  and  separated  by  any  of  the  well-known 
methods.  Up  to  the  present  time,  no  method  has  been  applied  for  the  utilization 
of  the  sulphate  of  manganese  which  is  produced  by  this  process. 

M.  W.  B. 


COAL  IN  NEBRASKA. 

The  Test-ivell  in  the  Carboniferous  formation  at  Brownville,  Nebraska.  By  Peof. 
L.  E.  Hicks.  American  Journal  of  Science,  Series  3,  Vol.  XXIX.,  1885, 
p.  159. 

The  existence  of  workable  coal  in  Nebraska  having  been  questioned,  the  citizens  of 
Brownville,  Nemaha  County,  determined  to  settle  the  matter  as  regards  their  own 
immediate  neighbourhood  by  putting  down  a  bore-hole.  The  present  paper  is  an 
account  of  this  undei'taking  and  of  its  results.  The  boring  was  started  at  919  feet 
above  sea-level,  and  was  stopped  at  a  depth  of  1,000  feet  10  inches  fi-om  the  surface. 
Brownville  is  built  upon  rocks  of  Upper  Carboniferous  age,  showing  traces  of  coal.  The 
boring  was,  therefore,  begun  in  these  beds,  and  penetrated,  but  did  not  pass  through  the 
Lower  Coal-Measures,  which,  in  Iowa,  and  other  states  further  east,  are  the  most  pro- 
ductive division  of  the  Carboniferous  series.  At  93  feet  a  seam  8  inches  thick  was 
found,  then  one  14  inches  thick  at  242  feet,  a  third  10  inches  thick  at  375  feet,  and  at 
820  feet  8  inches  a  seam  of  good  bituminous  coal  30  inches  thick,  which,  in  a  country 
of  prairies  like  Nebraska,  where  fuel  is  scarce,  will  doubtless  prove  of  commercial  value. 

Immediately  below  the  14-inch  seam  a  bed  of  sandstone  was  met  with,  from  which 
there  issued  a  feeder  of  water  strongly  impregnated  with  common  salt  and  other  sub- 
stances in  solution,  which  flowed  out  at  the  top  of  the  bore.  G.  A.  L. 


METAMORPHIC  COAL  DEPOSIT  IN  MASSACHUSETTS. 

Note  on  a  Fossil  Coal  Plant  found  at  the  Graphite  deposit  in  mica  schist,  at  Wor- 
cester, Massachusetts.  By  Joseph  H.  Peeey.  American  Journal  of  Science, 
Series  3,  Vol.  XXIX.  1885,  p.  157.     One  figure  in  the  text. 

In  the  eastern  part  of  Worcester  County  there  is  situated  a  coal-mine,  working  a 
deposit  of  highly  debituminized  coal  or  graphite  enclosed  in  mica  slate  or  schist.  This 
schist  surrounds  an  elevated  granite  knoll,  and  has  generally  been  regarded  as  being 
much  older  than  the  neighbouring  coal  formation  of  Mansfield  and  Wrentham.  Prof. 
C.  H.  Hitchcock  indeed  believed  it  to  be  of  Huronian  age.  In  the  present  paper  the 
author  announces  the  discovery  of  two  specimens  found  by  him  in  the  Worcester  coal- 
mine which  set  the  question  of  the  age  of  these  rocks  at  rest,  and  prove  them  to  be  of 
Lower  Cai'boniferous  age.  These  specimens  have  been  referred  by  Prof.  Lesquereux  to 
Lepidodendron  {Sagenaria)  acuminatum  of  Goeppert,  a  species  new  to  America,  and 
characteristic  of  the  kulm  or  Lower  Carboniferous  shaly  beds  of  Silesia.  The  strati- 
graphical  relations  of  the  schists  and  of  a  gneissose  series  upon  which  they  appear  to 
rest  Cduforniably.  are  briefly  described  and  illustrated  by  a  section,  G.  A.  L. 
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QUICKSILVER  IN  LOUISIANA. 

On  the  occurrence  of  Native  QuicJcsilver  in  the  Alluvium  in  Louisiana.     By  Eenest 
Wilkinson.     American  Journal  of  Science,  Vol.  XXIX.,  1885,  p.  280. 

A  short  account  of  the  discovery  of  small  globules  of  quicksilver  disscmiuatcd 
through  the  alluvial  soil  at  Cedar  Grove  Plantation.  Jefferson  Parish,  Louisiana,  on  the 
west  hank  of  the  Mississippi,  10  miles  above  New  Orleans.  'I'hese  globules  are  most 
abundant  within  a  limited  area  about  a  central  spot,  and  gradually  disajipear  as  the 
distance  from  this  centre  increases.  The  i)rescncc  of  mercury  at  this  s])ot  has  been 
known  locally  for  several  years  but  has  not  been  publicly  recorded  before.  In  the 
richest  jdace,  which  is  in  an  oi-ange  orchard  containing  a  number  of  fine  oaks,  the  soil 
(an  alluvium,  some  25  feet  in  depth)  contains  a  mean  percentage  of  0'002934  of 
mercury.  The  circumstances  of  the  case,  the  author  says,  preclude  the  possibility  of 
the  presence  of  mercury  being  due  to  human  agency.  G.  A.  L. 


THE  GOLD-BEARING  GRAVELS  OF  CALIFORNIA. 

Note  sur  les  Graviers  auriferes  de  la  Sierra  Nevada  de  Californie.  By  Edmoxd 
FucHS.  Bulletin  de  la  Soctete  Geologique  de  France,  Ser.  3,  Vol.  XIII.  1885, 
pp.  486-488. 

These  gravels  in  the  Sierra  Nevada  are  of  Pliocene  age,  and  occupy  the  bottoms  of 
ancient  valleys,  altogether  independent  of  those  of  the  present  day.  Both  the  old  and 
the  new  valleys  are  carved  out  of  metamorphic  schists  and  fine-grained  granite,  with 
black  mica.  But  the  water-line  {Thalweg)  of  the  older  valleys  is  always  at  a  much 
greater  elevation  than  that  of  the  modern  valleys,  and  the  latter  frequently  run  at 
right-angles  to  the  former.  The  Pliocene  alluvia,  or  "deep  leads,"  are,  moreover,  over- 
lain by  flows  of  lava,  generally  trachytic,  by  \\  hich  they  are,  more  or  less,  completely 
masked. 

These  drifts  consist  of  two  quite  distinct  deposits  :  a  lower  clayey  division,  very 
compact,  with  fine  included  rolled  fragments  of  stone,  showing  no  trace  of  river- 
bedding,  and  an  upper  one,  consisting  of  clearly  river-bedded  gravels  and  sands.  The 
first,  owing  to  its  characteristic  colour,  is  known  as  the  "blue  gravel,"  the  second  has 
the  brownish  colour  common  to  iiU  ferruginous  gravels. 

The  author  notes  that  these  two  sets  of  drifts  correspond  in  a  remarkable  manner 
with  the  Krosstemgrus  (clay  with  angular  blocks)  and  the  BuUsteiigrus  (ordinary 
gravel),  which  form  the  two  chief  divisions  of  the  ancient  alluvia  of  Scandinavia.  He 
suggests  that  as  the  Krosstensgrus  or  boulder  clay  is  of  glacial  origin,  so  also  may  the 
blue  gravel  of  the  Californian  "  deep  leads,"  although  up  to  the  present  time  no  striated 
boulders  have  been  found  in  them.  The  manner  in  which  the  gold  occurs  in  these 
gravels,  however,  tends  to  show  that  they  have  been  deposited  under  great  pressure. 
Thus,  whereas  in  the  upper  gravels  gold  is  generally,  but  sparsely,  disseminated  (it  is 
worked  where  the  percentage  is  but  one-millionth)  it  is  much  more  abundant  in  the 
blue  gravel,  where  it  sometimes  attains  a  percentage  of  from  one  to  ten-thousandth. 
The  richest  points  in  these  lower  deposits  are  at  the  junction  between  the  gravels  and 
the  bed  rock,  which  is  almost  in  every  case  schistose.  The  schists  are,  therefore,  laid 
bare  by  the  hydraulic  gold  workings,  and  it  is  possible  to  study  them  with  ease.  It  was 
not  long  before  it  was  found  that  they  themselves  were,  for  a  depth  of  some  inches, 
impregnated  with  gold.  The  inetal  thus  situated  occurs  generally  in  the  form  of 
spangles,  but  occasionally  also  as  true  nuggets.  These  "  Dutch  Flats  "  are  usually 
worked  by  associations  of  Chinamen,  G.  A.  L. 

/ 
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ORIGIN  OF  CERTAIN  MANGANESE  ORES. 

Origine  de  formation  de  certaine  minerals  de  manganhse.  Leur  liaison,  au  point  de 
vuc  de  I'ori/jine  avu  la  harytc  qui  les  accompagne.  By  —  Dieulatait.  Compies 
Rendus  de  V  Academic  des  Sciences,  To?.  CI.  (1885),  pp.  324-327. 

This  is  an  examination  of  the  prohahle  mode  of  formation  of  those  manganese  ores 
which  occur  encased  in  limestone  rocks,  to  which  they  are  posterior,  and  into  which 
they  must  have  been  introduced  while  iield  in  solution  by  a  liquid  to  which  the  corrosion 
of  the  rock  into  cavities  now  containing  the  ore  is  due.  As  a  type  of  such  ores,  the 
author  describes  the  large  manganese  deposits  in  the  communes  of  Biot,  Roquefort, 
and  Villeneuve,  in  the  Alpes-Maritimes  Department. 

This  region  consists  of  a  "  cirque,"  or  "cvvm,"  of  compact  calcareous  rocks,  chiefly 
of  Oxfordian  and  Corallian  age.  In  the  centre  of  this  "  Cwra"  are  Tertiary  beds,  com- 
prising an  enormous  mass  of  sands  at  the  base,  then  Nummulitic  strata,  capped  by  a 
considerable  thickness  of  volcanic  tuffs.  The  manganese  ore,  which  occurs  for  a 
distance  of  more  than  10  kilometres  (6  miles),  is  found  in  two  well-marked  positions, 
first  (and  this  is  the  case  for  most  of  it),  at  the  junction  between  the  compact  Jurassic 
limestones  and  the  Tertiary  rocks,  and  secondly,  in  the  limestone  itself,  but  never  very 
far  from  the  Tertiary  beds.  In  both  cases  the  manganese  occupies  cavities,  pockets,  or 
caverns  identical  in  character,  and  very  similar  to  those  cavities  which,  in  the  "causses" 
or  heaths  of  the  south  and  south-west  of  Prance,  contain  phosphorites  and  siderolitic 
deposits. 

The  vast  deposits  of  sand  at  Biot  are  obviously  the  product  of  the  destruction  of  the 
primary  crystalline  rocks.  The  latter,  the  author  has  shown,  always  contain,  in  a  state 
of  absolutely  complete  dissemination,  barium,  strontium,  lithium,  copper,  zinc,  and 
manganese,  the  last  being  much  the  most  abundant.  On  testing  the  sands  the  same 
rule  has  been  found  to  hold.  All  the  specimens  yielded  barium,  strontium,  lithium, 
copper,  and  zinc.  On  examining  S2>ecimens  of  the  manganese  ore  of  the  district  on  the 
other  hand,  all  were  found  to  contain  barium,  copper,  and  zinc. 

From  the  above  facts,  and  other  details  given  in  the  paper,  the  author  concludes 
that  the  manganese  deposits  of  Biot  are  the  result  of  the  action  of  water  on  the  sands 
in  contact  with  which  the  ore  is  most  usually  found.  G.  A.  L. 


COAL  IN  ARIZONA. 

The  Deer  Creek  Coal-field  in  Arizona.  By  C.  D.  Walcott.  Senate  Documents, 
No.  20,  4:8th  Congre.9S,  2nd  Session,  Washington.  See  also  Abstract  in  American 
Journal  of  Science,  Vol.  XXIX.,  1885,  p.  338. 

Although  there  are  Carboniferous  rocks  in  Deer  Creek  (a  valley  about  13  miles  south 
of  the  San  Carlos  Agency)  the  coal  of  the  district  is  not  found  in  them,  but  in  a  series 
of  sandstone  shales  and  clays  of  Cretaceous  age.  Two  chief  seams  are  noticed,  having 
each  a  thickness  of  about  10  inches  of  clear  coal.  An  analysis  of  the  coal  by  Mr. 
Whitfield  is  as  follows : — 

Fixed  carbon  ...         ...  ...         ...         60"85 

Volatile  combustible  matter  17"50 

Moisture        0-56 

Ash 2109 


100- 


The  coal  shales,  according  to  Mr.  Lester  O.  Ward,  contain  remains  of  Sequoia,  Sahal, 
Phragmites,  Myrica,  Viburnum,  etc,  G.  A.  L, 
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MINERAL  PHOSPHATES  IN  TUNIS. 

Sur  la  decouverte  de  gisements  de  phosphate  de  cJtaux  dans  le  sud  dc  la  Tunisir.  I'y 
Phil.  Thomas.  Comptes  Rendus  de  V Academic  des  Sciences,  Vol.  CI..  1885, 
pp.  1,181-1,187,  with  figure  in  text. 

An  account  of  the  discovery  by  the  writer  of  workable  depo.sits  of  phosphorite  near 
Chcbika,  in  south-western  Tunisia.     These  deposits  are  chiefly  coprolitic,  and  occur  in 
marls  belonging  to  the  Ostrea  multicostata  zone  of  the  Eocene.     With  the  coprolites 
are  largo  ([uantities  of  bones  of  crocodilians  and  squalida?.     The  percentage  of  phos- 
phoric acid  is  as  follows  : — 

In  the  coprolites  ...         ...         ...         ...         ...         32'00 

In  large  yellow  nodules  ...  ...  ...  ...         2400 

In  black  and  white  nodules        ...  ...  ...  1'52 

G.  A.  L. 


STATISTICS  OF  MINING,  METALLURGY,  ETC.,  IN  BELGIUM. 

Statistique  des  Mines,  Min/ieres,  Carrieres,  Usines  Metallurgiques  ef  Appareils  a 
Vapeur  de  B el gi que  pour  I'annee  1881-1882.  Annales  des  Travaux  I'ubli.cs  de 
Belgique.  Vol.  XLL,pp.  27-49  and  441-467. 

1. — COLLIEEIES. 

Number 
Production — 

Hainault        ...  ...  ...  ...       ton 

Namur  ...         ...         ...         ...         „ 

Liege  ,. 

Totals , 

Imports — 

Coal  

Coke  (70  per  cent.)  ...  ...         „ 

Totals     

Export.s — 

Coal  ...  ...  ...         „ 

Coke  (70  per  cent.)  ...         ...        „ 

Totals       . .  ...  ...         „ 

Excess  of  exports  over  imports  ...        „ 

Consumption     ...         ...         ...         ...        „ 

Value  of  production 
Mean  selling  price  per  ton 
Mean  thickness  of  seams  worked 

Steam  Engines — 
Winding 
Pumping 
Ventilating    ... 
Sundry  uses  ... 

Totals 

•  Totals  include  cuke  calculated  as  coal. 


1881. 

1832. 

295 

300 

s  12,554,506 

13,131,342 

419,569 

466,165 

3,899,876 

3,993,482 

16,873,951 

17,590,989 

1.015,870 

1,043,994 

23,584 

15,082 

*1,049.561 

*1,065,540 

4,476,783 

4,292.025 

914,885 

1,094,620 

*5.783,762 

*5,855.768 

4,734,201 

4,790,228 

12,139,750 

12,809,761 

.  £6,479.950 

£0,962,550 

7s.  8-lb-d. 

7s.  11-OOd. 

2-13  feet. 

2-10  feet. 

1881. 

1882. 

No.    H.P. 

No.    H.P. 

.  461  55,999 

457  57,833 

.  195  31.924 

194  32,265 

.  383  14,758 

384  15,119 

.  898  10.803 

925  11,227 

.  1.937  113,484 

1,960  116,444 
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CoLLiEEiEs — Continued. 


Workmen  underground- 
Men  

Women 

Boys  under  16 

Girls  under  16 

Total      ... 


1881 

1882. 

Number. 

Daily 

Number 

Daily 

Employed. 

Wage. 

Employed. 

Wage 

s.     d. 

s.  d. 

59,000 

3     0 

61,893 

4,551 

1  n 

4,528 

— 

9,252 

1     4i 

9,229 

— 

3,519 

1     Of 

3,066 

— 

76,322     2 


7i        78,806 


Workmen  at  bank — 
Men 
Women 
Boys  under  16 
Gii'ls  under  16 

Total 


Grand  total 


6,733 

2  ^ 

16,402 

3,508 

1     2| 

3,592 

2,437 

0  11 

2,402 

2,311 

0  10| 

2,499 

25,029     1  11|        24,895 


101,351     2    5^      103,701    2    6A 


Annual  wage  of  workmen 
Annual  production  of  workmen 
Cost  of  working- 
Wages 
Other  costs   ... 


Total 


Loss 
Profit 


£36  17s.  Od. 
166  tons. 

£3,736,550 
2,801,550 


£6,538,100 
£58,150 


£38  Os.  Od. 
169  tons. 

£3,943,252 
2,830,248 

£6,773,500 
£189,050 


5. — Accidents  in  Collieeies. 


Underground — 

Acci- 
dents. 

1881. 
Killed 

In- 
jured. 

Acci- 
dents. 

1882. 
Killed,  -i- 

Shafts       

...       44 

39 

6 

32 

33        3 

Falls  of  stone 

...       69 

64 

8 

92 

91       14 

Fire-damp 

...       13 

106 

34 

10 

8      19 

Suffocation  by  gases 

— 

— 

— 

— 

—      — 

Irruptions  of  water 

1 

2 

— 

1 

1       — 

Use  of  explosives 

...       12 

5 

8 

14 

10      11 

Engine  planes,  etc. 

...       51 

42 

9 

39 

31        8 

Miscellaneous 

...       12 

10 

2 

18 

18        1 

Totals 

...     202 

268 

67 

206 

192       56 
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Accidents 

IN 

COLLIEKIKS— 

Continued. 

Surface — 

1881. 

Acci-  Kill,.,!      T"- 
dents.  J^'''«'^-  jurod. 

Acci 
duntf 

1882. 
".  KilloJ-  Ju'red. 

F:illin£j  into  pits 

..3         3 

-- 

3 

3        — 

Wagons    ... 

11         9 

2 

10 

7         3 

Engines,  Machinery,  etc. 

10        8 

5 

5 

2         3 

]\Iisccllaneous 

11         8 

3 

12 

10        2 

Totals 

..       35       28 

10 

30 

22        8 

Grand  total 

rk 

..     237     296 

77 

236 

214      64 

Mai 
Number  of  coke  ovens  at  wo 

iCTUEE  OF  Coke. 

1881. 
4,123 

1882. 
4,486 

„                     „         off  work 

... 

1,434 

1,125 

Coke  made 

tons 

1,831.669 

2,066,219 

„     selling  price  per  ton 

12s.  7-81d. 

14s.  0-43d. 

»     yield         

per  cent. 

73-60 

73-46 

2   AND   4.- 

-M 

INES,    FUBNACES,    EtC. 

Workmen  in  mines 

1881. 
2,750 

1882. 
2,312 

Zinc — 

Ores  produced 

. . .     tons 

23,553 

20,443 

Ores  imported 

...                <if 

145,963 

161,632 

Manufactured 

») 

69,800 

72,947 

Value  per  ton 

... 

£15  3s.  Od. 

£15  6s.  6d. 

Imported        

tons 

2,540 

2,314 

Exported        

)? 

50,991 

49,138 

Lead — 

Ores  produced 

tons 

3,741 

2,918 

Ores  imported 

„ 

5.710 

8.765 

Manufactured 

»» 

7,651 

8,805 

Value  per  ton 

£13  14s.8d. 

£13  9s.  9d. 

Imported 

tons 

6.202 

4,983 

Exported 

,, 

12,012 

7,707 

Iron  pyrites,  produced 

), 

2,965 

2,555 

Pig  iron — 

Ores  produced 

)> 

224,882 

209,212 

Ores  imported 

» 

1,301,250 

1,478,745 

Manufactured 

„ 

624,736 

726,946 

Value  per  ton 

46s.  4d. 

47s.  8d. 

Imported 

tons 

192.099 

183,818 

Exported        

,, 

18,703 

24,185 

Manufactured  iron 

i> 

479,807 

503,113 

„                value  per 

ton 

£6  7s.  lid. 

£6  12s.  Od. 

Manufactured  steel 

tons 

119,237 

151,291 

„                 value  per 

ton 
3.- 

-QUAEEIES, 

£6  9s.  Id. 

£6  7s.  Od. 

Value  of  products 

... 

1881. 
£1,536,500 

1882. 
£1,674,500 

M.  W.  B 

4G 


STATISTICS  OF  METALLIFEROUS  MINING  AND  METALLURGY  IN 

BELGIUM,  1811  TO  1880. 

Statistique  des  Mines,  Minieres,  Carneres,  Usines  Metallurgiqiies  et  AfpareUs  a 
Viipeur  de  Belgique.  Annales  des  Travaux  Publics  de  Belgique,  Vol.  XLI., 
pp.  460-463. 


1840. 

Quinquennial  Averages  for  the  Years 

1841-45. 

1846-50. 

1851-55. 

1856-60. 

1861-65. 

1866-70. 

1871-75. 

1876-80. 

I.— Metalliferous 

Mines. 

Blende    . .        . .  Tons 

— 

264 

4,675 

12,101 

14,481 

16,403 

16,386 

18,076 

24,298 

Value 

— 

£320 

£5,920 

£22,680 

£30620 

£31,9-10 

£37,430 

£54,020 

£59,920 

Calamine          . .  Tons 

20,482 

22,683 

46,889 

67,789 

59,806 

48,233 

44,669 

30,934 

17,601 

Value 

£31,860 

£45,090 

£94,880 

£108,460 

£135,290 

£81,680 

£89,810 

£67,040 

£34,490 

Galena    . .        . .  Tons 

66 

873 

3,733 

4,831 

9,731 

14,379 

13,813 

11,235 

10,452 

Value 

£475 

£5,040 

£21,770 

£31,480 

£46,740 

£85,180 

£100,700 

£81,460 

£56,590 

Pyrites    . .        . .  Tons 

500 

1,677 

4,544 

12,872 

27,146 

39,312 

38,914 

35,895 

19,001 

Value 

£400 

£1,280 

£1,470 

£4,900 

£22,690 

£33,280 

£34,400 

£35,870 

£17,550 

Iron  Ore           . .  Tons 

191,812 

230,615 

456,972 

623,376 

800,397 

912,314 

658,317 

623,246 

231,120 

Value 
Total  value 

£58,225 

£71,150   £170,480 

£231,110  £314,240 

£358,750 

£240,220 

£238,680 

£77,640 

£90,960 

£122,620 

£294,520 

£398,630  '£549,580 

£590,830 

£502,560 

£477,070 

£246,190 

No.  of  Workmen 

— 

— 

— 

8,836 

11,140 

11,748 

8,884 

7,195 

4,020 

II.— Metalluroy. 

Pig  Iron            . .  Tons 

— 

134.563 

178.455 

231,150 

317,418 

396,222 

488,136 

589,352 

508,219 

Manufactured  Iron  ,, 

— 

62,299 

69,104 

104,182 

182,106 

294,146 

423,402 

502,112 

419,385 

Steel  Ingots      . .       ,, 

— 

— 

— 

— 

— 

555 

2,363 

27,258 

109,646 

Manufactured  Steel ,, 

— 

— 

— 

— 

— 

447 

2,219 

22,802 

89,834 

Lead        . .        . .       ,, 

— 

226 

995 

2,175 

3,958 

8,165 

10,357 

7.537 

7,863 

Zinc        

— 

7,221 

11,688 

18,185 

28,455 

29,590 

42,170 

45,164 

56,433 

M.  W.  B. 


MEANS  OF  MODIFYING  THE  HYGROMETRIC   CONDITION  OF  THE  AIR 
OF  COAL-MINES  AS  A  PREVENTIVE  AGAINST  DUST  EXPLOSIONS. 

Procede  et  appareils  servant  a  modifier  Vetat  hygrometn'que  de  I'atmosphere  des 
mines,  en  vue  de  prevenir  les  accidents  dits  "  coups  de  poussiere."  By  L.  Paeent. 
Le  Genie  Civil,  Vol.  VIIL,  pp.  296-298.* 

This  paper  describes  an  apparatus  for  saturating  air  on  its  entry  into  the  mine  by 
means  of  a  spray  of  water  under  high  pressure.  The  moving  air  mechanically  carries 
away  the  excess  of  water  and  deposits  it  at  points  more  or  less  distant  from  the 
apparatus. 

The  apparatus  consists  of  two  nozzles,  not  more  than  Vo^h  inch  apart,  acting  in 
opposite  directions,  and  along  the  axis  of  the  i)it  or  drift  in  which  it  is  placed.  The 
nozzles  are  placed  in  the  centre  of  the  pit  or  drift,  and  the  water  (which  may  be  derived 
from  the  tubbing  or  other  source,  so  as  to  obtain  a  high  pressure)  from  them  is 
broken  up  into  a  fine  spray  which  fills  almost  entirely  the  cross  section  of  the  pit  or 
drift.  There  are  suitable  attachments  for  regulating  the  spray  and  for  the  temporary 
removal  of  the  apparatus,  in  order  that  it  may  not  interfere  with  the  working  of  the 
mine.  M.  W.  B. 


*  See  Abstract  of  paper 
pages  78-80. 


'  On  Dust  Explosions  in  Coal-Mines,"  by  the  same  author,  in  Volume  34, 


ROPE  IIAILAGK  IN  MINES. 

Documents  pour  I'Efablisscment  des  Trainages  tnecaniques  par  Cables.  By  E. 
Haemant.  Publications  de  la  Sodete  des  Ingenieurs  sortis  I'Ecole  Provinciale 
d' Industrie  et  des  Mines  du  IlainauU.  Si'r.  2,  Vol.  XVI.,  pp.  183-320,  and 
Plates  XI.-XXIIL 

This  paper  is  iiitoiuled  to  assist  tluisc  who  arc  about  to  erect  some  system  of  rope 
haulasre,  and  supplies,  in  a  practical  forui,  all  the  requisite  iiiforniatiou,  especially  as 
regards  general  arrangements,  cost  of  erection,  and  the  results  of  experiments. 

The  writer  has  made  his  work  very  comi)Iete,  by  embodying  all  the  necessary 
theoretical  and  practical  information  rerpiired  by  an  engineer  in  the  erection  of  plant 
for  rope  haulage. 

The  systems  of  rope  haulage  described  are : — 

A. — Self-acting  inclined  planes,  worked  to  the  rise  by  a  counterpoise. 
B. — Inclined  planes,  worked  to  the  dip  by  horses  and  gin. 
C. — Inclined  planes  on  the  surface,  worked  by  means  of  a  standing  engine. 
D. — Inclined  planes  in  the  mine,  worked  by  means  of  a  standing  engine. 
The  Appendix  contains  remarks  upon  the  working  of  various  systems  of  rope  haul- 
age worked  by  steam  or  water  power.  M.  W.  B. 


PREVENTION  OF  OVER-WINDING. 

Evite-HIolettes,  etablis  a  Comberigol  [Loire'),  a  Bezrnet,  a  Doj/et  et  aux  Ferrikres 
(Allier).  Bt/  M.  Bauee.  Bulletin  de  la  Societe  de  V Industrie  Minerale,  Ser.  2, 
Vol.  XIV..  pp.  77-87.     Plates  VIL  and  VIII. 

Special  precautions  are  taken  in  France  for  the  prevention  of  over-winding  of  the 
cages.  The  most  perfect  of  the  apjiaratus  >ised  for  this  purpose  is  that  in  which  the 
cage  puts  the  safety  appliances  in  action,  placed  a  certain  distance  from  the  pulleys. 
Three  systems  are  described  in  this  paper  as  follows  : — 

Comberigol  Mines.- — The  winding  engine  consists  of  two  direct-acting  horizontal 
cylinders.  Two  levers  are  struck  by  the  cage  when  it  ascends  too  high,  and  their  motion 
is  communicated  to  the  engine  house  by  a  long  bar.  The  levers  are  so  arranged  that 
the  safety-brake  may  be  applied  by  the  banksmen  in  case  of  accidents  requiring  the 
instant  stopping  of  the  engine,  or  in  order  to  replace  the  levers  in  position.  In  the 
engine  house  there  is  a  suitable  arrangement  of  levers  and  connecting  rods  by  which 
the  steam  is  cut  off  and  the  brake  applied  to  the  winding  drum.  There  is  also  an 
arrangement  by  which  the  safety  apparatus  is  disconnected  and  allows  the  engine  to  be 
worked  in  an  independent  manner.  By  this  means,  as  soon  as  the  safety-brake  has 
been  applied  and  the  steam  has  been  cut  ofF,  the  engineman  has  immediate  control 
over  the  engine  and  can  i-e-admit  steam,  reverse  the  engine,  etc. 

Bezenet  Colliery. — The  winding  engine  is  horizontal,  with  two  cylinders,  and  a 
steam-brake  cylinder.  The  cage  strikes  two  levers  placed  in  a  suitable  position,  and 
their  movement  is  communicated  by  a  long  rod  to  a  horizontal  axis  in  the  engine  house. 
Four  levers  are  keyed  upon  this  axis;  one  carries  a  counterbalance,  which  brings  the 
apparatus  to  its  normal  position  after  the  cage  has  been  stopped,  the  second  cuts  off 
the  steam,  the  third  applies  the  brake,  and  the  last  opens  all  the  exhaust  ports.  There 
are  also  special  arrangements  which  allows  the  engineman  to  move  his  engine  as  soon  as 
the  cage  has  been  stopped.  This  apparatus  has  been  often  tested  and  given  very  satis- 
factory results.     On  one  occasion  the  engine  had  not  been  reversed,  and  the  cage  went 


full  speed  to  the  pulleys ;  the  engine  was  stopped  by  the  safety  apparatus,  the  cage  was 
bent  only  a  little  at  the  top,  the  rope  fastening  was  uninjured,  and  winding  was  resumed 
in  less  than  one  hour. 

Doyet  Colliery. — The  winding  engine  has  a  pair  of  horizontal  cylinders,  with  a 
vertical  steam-brake.  In  this  case  the  rod  from  the  guides  controls  the  automatic 
parts.  It  enters  the  engine  house,  where  it  is  placed  at  one  side  of  the  engines,  and 
has  three  recesses  or  notches  at  its  inner  end,  in  which  three  studs  are  placed ;  one  is 
attached  to  a  lever  which  controls  the  steam  valve,  a  second  puts  the  steam-brake  into 
action,  and  the  third  opens  the  exhaust  ports.  As  soon  as  the  cage  is  stopped  the 
engineman  can  restore  the  apparatus  to  its  normal  position  and  lower  the  cage  at 
once.     The  apparatus  gives  every  satisfaction  in  its  operations.  M.  W.  B. 


^  UNDERGROUND  ENGINES  SUPPLIED  WITH  STEAM  FROM  BANK. 

Note  relative  aux  machines  a  vapeur  souterraines  dc  la  houillere  de  Bezenet.  By  M. 
Bauee.  Bulletin  de  la  Societe  de  I'Industne  Minerale,  Sir.  2,  Vol.  XIV., 
pp.  297-325.     Plates  XII.  and  XIII. 

This  paper  contains  a  full  description  of  two  underground  engines  at  the  Bezenet 
Colliery. 

At  a  depth  of  about  500  feet,  and  about  475  feet  distance  from  the  shaft,  the  first 
engine  is  placed,  which  is  used  for  drawing  coals  from  a  lower  level ;  the  cylinder  is 
9'92  inches  diameter,  and  has  a  stroke  of  39'37  inches.  Steam  is  conveyed  from  two 
boilers  on  the  surface  by  metal  pipes,  3"15  inches  in  internal  diameter.  The  pipes  are 
covered  first  with  felt,  second  with  old  hemp  and  aloe  ropes,  and  the  exterior  is  pro- 
tected by  wood  staves,  with  iron  hoops.  The  felt  was  replaced  in  some  parts  with  a 
mixture  of  clay  and  hemp,  and  in  others  with  cement  about  ^  inch  thick.  The  condensed 
steam  was  removed  by  two  receivers,  one  at  the  bottom  of  the  pit  and  the  other  near 
the  engine. 

The  distance  between  the  surface  and  the  first  receiver  was  840  feet,  and  the  con- 
densed steam  amounted  to  253  lbs.  per  hour ;  at  the  second  receiver,  at  a  further 
distance  of  508  feet,  the  condensed  steam  was  about  102  lbs.  per  hour,  or  a  total  loss  of 
about  355  lbs.  of  water  per  hour.  The  evaporation  from  the  boilers  was  about  1,367 
11)S.  of  water  per  hour,  giving  a  loss  of  about  26  per  cent,  for  a  length  of  1,358  feet  of 
3"15  inch  pipe. 

The  second  engine  has  a  12  inch  cylinder,  with  a  stroke  of  31"5  inches.  It  is  placed 
at  a  depth  of  about  800  feet,  and  is  used  for  winding.  The  steam  pipes  are  3'15  inches 
in  diameter  and  "69  inches  thick,  and  are  covered  with  Magnat's  non-conducting 
cement,  which  is  further  protected  by  a  sheet-iron  shield,  owing  to  the  presence  of 
water. 

For  a  distance  of  206  fee*-  on  the  surface  the  pipes  are  covered  with  twisted  aloe 
fibres.  A  receiver  placed  at  the  end,  at  the  top  of  the  pit,  collected  112  lbs.  of  water 
per  hour.  After  a  f urtlier  passage  through  984  feet  of  steam  pijies  there  was  a  second 
receiver,  from  which  441  lbs.  of  water  were  extracted  per  hour,  making  a  total  loss  of 
about  553  lbs.  of  water  per  hour.  The  steam  lost  and  used  was  equal  to  an  evaporation 
of  about  2,998  lbs.  of  water  per  hour,  or  a  loss  for  a  length  of  about  1,200  feet  of  3"15 
inch  pipe  of  about  18j  per  cent. 

It  therefore  ajipears  that  the  loss  by  condensation  in  a  great  length  of  steam  pipes 
is  less  than  ordinarily  supposed ;  and  by  the  adoption  of  ordinary  precautions  may  be 
limited  to  15  or  20  per  cent,  in  very  wet  pits,  and  to  a  much  less  figure  in  dry  pits. 

M.  W.  B, 
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IRON  IN  UTAH. 

Iron-ore  Deposits  of  Southern  Utah.    By  W.  P.  Blake.    Transactions  of  the  American 
Institute  of  Aliniiiff  Engineers  {Advance  sheets,  1886),  2  pp.,  onejigure  in  text. 

The  district  in  which  the  deposits  described  arc  situated  is  that  of  Iron  County, 
270  miles  south  of  Salt  Lake  Citv,  and  10  miles  west  of  Cedar  City.  The  orc=<,  wliicli 
appear  to  be  ehieliy  magnetite,  crop  out  in  long  escarpments  forming  a  low  range  of  hills, 
and  seem  to  be  regularly  interbedded  with  crystalline  limestones,  of  probably  Pala;  )zoic 
age.  The  beds  of  ore  are  from  10  to  100  feet  in  thickness,  and  souio  of  the  outcrops 
continue  tmbroken  for  more  than  1,000  feet.  They  are  massive,  jet  black  in  colour, 
and,  standing  as  they  do  in  biild  relief  above  the  surface,  are  visible  from  considerable 
distances.  The  region  is  little  known,  only  because  it  is  as  yet  difficult  of  access. 
Apatite  is  the  chief  mineral  found  associated  with  the  iron  ore.  The  nearest  coal 
supply  is  from  near  Cedar  Creek,  where  large  deposits  of  a  long-flame  Secondary  (pro- 
bably Cretaceous)  coal  arc  known  to  e.xist.  G.  A.  L. 


MINERAL  RESOURCES  OF  NOVA  SCOTIA. 

Report  of  the  Department  of  Mines,  Nova  Scotia,  for  the  i/ear  \S>So.     By  E.  Gilpin 
and  others.     11  pp.,  Halifax.  N.S.,  1886. 

1. — Coal. — The  Nova  Scotia  coals  belong  to  the  Bituminous  system  of  Dana,  or  in 
other  words,  to  the  Coal-Measures  proper.  The  Sydney  coal-field  is  the  principal  one. 
It  is  situated  on  the  eastern  shore  of  Cape  Breton  County,  has  an  estimated  area  of  200 
square  miles  on  land,  with  more  lying  under  the  sea.  At  least  nine  good  workable 
seams  are  known,  from  3  to  12  feet  thick.  The  coals  are  bituminous,  and  adapted  for 
gas  and  coke  making,  and  for  steam  purposes.*  Other  coal  tracts  in  Cape  Breton  are 
those  on  the  River  Inhabitants  and  at  Port  Hood,  Chimney  Corner,  and  Broad  Cove,  on 
the  western  shore  of  the  island,  together  about  125  square  miles  in  area,  and  the  coals 
of  which  are  said  to  be  of  very  superior  steam  raising  qualities.  In  Nova  Scotia  proper, 
coal  is  known  in  small  quantities  at  Pomquet  and  Antigonish  ;  and  in  numerous  thick 
seams,  occupying  a  limited  area  (141  feet  of  coal  in  16  seams,  varying  in  thickness 
from  3  to  34  feet,  according  to  Sir  W.  Logan)  near  New  Glasgow,  in  Pictou  County. 
This  is  also  steam  coal.  Four  analyses  of  coal  from  the  thickest  or  Albion  seam  are 
given.  Oil  shales  and  cannel  coal  occur  in  this  district.  Small  seams  of  coal  are  known 
along  the  shores  of  the  Bay  of  Fnndy.  The  Springhill  coal-field  lies  north  of  the 
Cobequid  Mountains,  in  Cumbei'land  County.  Many  seams  are  known  here — from  2  feet 
4  inches  to  13  feet  thick,  yielding  steam,  coking,  and  household  coal,  of  which  analyses 
are  given.     The  area  of  this  coal-region  is  estimated  (doubtfully)  at  300  square  miles. 

2. —  Petroleum. — Indications  have  been  observed  at  Cheverie,  Hants  County,  in 
Pictou  County,  and  at  Lake  Ainslie  in  Cape  Breton. 

3. — Gold. — The  gold  region  is  about  3,000  square  miles  in  area  and  extends 
irregularly  ah)ng  the  southern  shore  of  Nova  Scotia.  Most  of  the  mines  are  east  of 
Halifax.  The  gold  occurs  in  quartz  veins,  from  1  inch  to  6  feet  in  width,  both  in  the 
quartz  and  in  metallic  sulphides.  Very  little  alluvial  gold  is  worked,  though  the  author 
regards  this  neglect  as  a  mistake.  In  1885  the  amount  of  stuff  crushed  was  524,813 
tons,  yielding  389,180  ozs.  4  dwts.  15  grs.  of  gold. 

*  For  analyses,  etc.,  of  these  coals  see  Transactions  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers,  Vol.  XXVII.,  1878,  p.  213. 
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4. — Iron  Ores  —  -These  are  very  abundant  and  of  excellent  quality.  Analyses  are 
given  of  liinonite  from  Brookfield;  of  micaceous  hiematite,  limoiiite,  and  spatliose  ore 
from  Londonderry,  on  the  north  side  of  the  Bay  of  Fundy;  of  limonite,  clay  ironstone, 
specular  ore,  red  haematite,  and  spatliose  ore  from  Pictou ;  and  of  red  haematite  from 
near  East  Bay,  in  Cape  Breton. 

5. — Copper  Ores. — These  are  also  abundant  and  widespread,  but  are  only  beginning 
to  be  worked  systematically. 

6. — Lead  Ore. — Only  known  in  the  Carboniferous  limestone,  and  not  yet  worked 
systematically. 

7- — Antiniom/. — Known  at  several  localities,  but  as  yet  only  worked  at  Rawdon, 
Hants  County.     The  produce  for  18S5  was  758  tons,  valued  at  33,095  dollars. 

8. — Moli/bdenum. — Known  at  Gabarus,  in  Cape  Breton  (whence  small  lots  have 
been  shipped),  and  at  Hammond's  Plains  and  Musquodoboit,  in  Halifax  County. 

9. — Nickel  and  Cobalt  occur  in  small  quantities  in  the  minerals  associated  with 
gold  in  the  quartz  reefs.     They  have  never  yet  been  worked. 

10. — Manganese. — Rich  deposits  ai-e  known  at  Tenny  Cape,  Hants  County,  Ouston, 
Colchester  County,  and  Salmon  River,  Cape  Breton  County. 

11. — Gypsum  occurs  on  an  unequalled  scale,  beds  50  feet  thick  being  traceable  for 
miles.     The  annual  exports  vary  from  80,000  to  140,000  tons. 

12. — Barytes. — Occurs  at  Five  Islands,  Bay  of  Fundy  ;  River  John,  Pictou  County; 
and  at  Stewiacke,  Colchester  County,  where  it  is  worked. 

13. — Building  Stones. — Principally  granite  and  carboniferous  sandstone. 

G.  A.  L. 


THE  MINERAL  RESOURCES  OF  BULGARIA. 

Aper^u  stir  la  Constitution  gcologique  du  Sol  et  les  ressources  minerales  de  la 
Principaute  de  Bulgarie.  By  Leon  Thonard.  Eevue  Universelle  des  Mines, 
etc.     Ser.  2,  Vol.  XIX.  (1866),  pp.  1-22. 

A  general  account  of  the  geology  of  the  Principality,  so  far  as  it  is  known,  and  of 
the  deposits  of  useful  minerals  hitherto  discovered.  Oar  knowledge  of  the  latter  is, 
according  to  the  author,  at  present  exceedingly  small,  and  many  parts  of  the  country 
would  well  repay  prospecting. 

1. —  Coal,  formerly  supposed  to  be  of  Coal-Measure  age,  but  in  1884  recognised  by 
Toula  as  Cretaceous,  occurs  to  the  south  of  Travna,  on  the  northern  flanks  of  the 
Bilkan?,  and  in  the  neighbourhood  of  Elena.  In  the  former  locality,  three  seams,  one 
of  which  is  five  feet  thick,  have  been  proved  and  worked  on  a  small  scale.  These  mines 
are  150  kilometres  from  the  Danube  (93  miles),  and  the  only  moans  of  communication 
are  horses  and  ox-carts.  Permian  coal,  of  which  little  is  known,  occurs  not  far  from 
Belogradjik,  where  some  explorations  were  made  in  the  time  of  the  Turks.  The 
Servian  coal-area,  to  the  soutli-east  of  Zajetchar,  appears  to  extend  across  the  frontier 
into  Bulgaria  near  Vreska  Tchouka. 

2. — Lignites  of  Tertiary  age  are  common.  The  best-known  deposit  is  that  of 
Tsirkva  not  far  to  the  south-west  of  Sofia.  It  is  about  90  square  kilometres  (56  square 
miles)  in  extent,  and  besides  smaller  seams,  comprises  one  2  metres  (6'5  feet)  thick,  and 
of  good  quality.  Deposits  of  less  importance  lie  towards  the  Servian  frontier,  in  the 
neighbourhood  of  Radomir  and  Kustendil,  near  Doubnitza,  near  Saraakof,  and  else- 
where. 
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3. — Iron.  Round  Samakof  alluvial  magnetite  in  grains  abounds,  and  was  formerly 
worked  and  smelted  on  the  spot  by  means  of  charcoal.  The  magnetite  is  due  to  the 
decomposition  of  the  igneous  rocks  of  the  locality,  and  the  produce  varies  with  the 
snow  fall.  Iron  ore  is  said  to  occur  near  Totcven,  in  the  Trojan  Balkan,  near  IClenu, 
near  Breznik,  etc.  Of  most  of  these  deposits  little  is  known;  and,  in  almost  all  cases, 
communications  are  very  bad.  Iron  pyrites  are  found  in  the  older  rocks,  but,  so  far, 
in  no  important  quantities. 

4. — Manganese  in  workable  masses  is  said  to  occur  in  the  Vratsa  district. 

5. — Lead  and  silver.  There  are  ancient  mines  of  argentiferous  galena  near 
Tchiprovitsa,  on  the  northern  slope  of  the  western  Balkans,  a  little  west  of  Berko- 
vitsa.  These  mines  were  abandoned,  it  is  said,  three  or  four  centuries  ago.  The  same 
ore  has  been  observed  in  the  Etropol  Balkan,  and  not  far  from  Kustendil  in  the  south- 
western portion  of  the  Principality. 

6. — Zinc-Blende  is  mentioned  as  occurring  at  Mount  Vitosch.  It  is  also  known  to 
be  associated  with  the  lead  ore  of  Kustendil,  near  the  frontier. 

7. — Copper  pyrites  has  been  recorded  from  many  localities  among  the  older  schists 
and  igneous  rocks,  but  the  deposits  are  very  imperfectly  known. 

8. — Gold  is  found  in  the  sands  of  some  of  the   rivers  falling  from  the  Vitosch  and 
Bilo  Mountains  and  in  the  Balkans,  especially  around  Samakof,    Doubnitza,  Radomir, 
Kustendil,  Breznik,  Zlatitsa,  Etropol,  Berkovitsa,  etc.     This  gold  comes  from  the  same 
rock  as  the  magnetite,  but  none  has  yet  been  traced  to  its  parent  rock. 
9. — Rock-salt  has  been  much  sought  for,  but  without  success  so  far. 

10. — Mineral  and  thermal  springs  are  very  nimierous.  The  best  known  are  those 
at  Sofia,  Kniajevo,  Youkai'ibania,  and  Kustendil.  G.  A.  L. 


MIXERALS  OF  THE  HUDSON'S  BAY  TERRITORY. 

The  Mineral  Resources  of  the  Hudson's  Bag  Territories.  Bg  Robert  Bell. 
Transactions  of  the  American  Institute  of  Mining  Engineers  {advance  sheets, 
1886),  9  pp. 

The  region  referred  to  is  all  that  part  of  Canada  which  lies  east  of  the  Rocky 
Mountains,  and  north  of  the  watershed  of  the  St.  Lawrence.  The  minerals  of 
economic  value  at  present  known  in  this  slightly  explored  portion  of  North  America 
are  the  following  : — 

1. — Iron. — Magnetite,  said  to  be  abundant,  near  the  entrance  of  Black  Bay,  on  th.c 
north  side  of  Athabasca  Lake;  on  Knee  Lake;  on  the  north  side  of  Hudson's  Strait; 
and  in  small  masses  iu  various  parts  of  the  territory.  Haematite,  on  Long  Island, 
Hudson's  Bay;  on  Rig  Black  Island  in  Lake  Winnipeg;  and  on  the  northern  side  of 
Great  Slave  Lake.  Clay  ironstone  on  Melville  Island,  at  the  foot  of  the  Grand  Rapid 
of  the  Mattagami  River,  and  in  various  places  to  the  south-west  of  James'  Bay. 
Manganiferous  spathic-ironstone  oni\\Ql>\;\itn\\(.)k?i  Islands  on  the  east  side  of  Hudson's 
Bay  (the  largest  iron  ore  deposit  in  the  territories). 

2. —  Copper. — Native,  in  large  quantities  in  amygdaloid  trap  on  the  Coppermine 
River.  Pyrites,  on  Long  Island  and  the  Ottawa  Islands  in  the  north-eastern  portion 
of  Hudson's  Bay;  some  miles  south-west  of  Lake  Mistossini;  at  the  Bruce  and 
Wellington  Mines  on  Lake  Huron.  Carbonate  staining  the  quartzites  of  Marble 
Island.  An  unspecified  ore  of  copper  is  recorded  as  occurring  near  Agnew  River  and 
Lord  Lindsay  River. 
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3. — Lead. —  Galena  in  dolomite  cf  the  Maiiitounuk  series  of  both  sides  of  Little 
Whale  River  and  at  Richmond  Gulch,  and  in  Huronian  rocks  at  Lake  Mattaffani  in 
southern  part  of  the  Moose  River  basin. 

4. — Zinc. — Blende  in  some  of  the  Manitounuk  rocks,  and  north  of  the  Battle 
Islands,  Lake  Superior. 

5. — Molybdenite  at  Great  Wliale  River. 

6. — Sillier. — In  galena  as  above;  in  iron  pyrites  near  the  month  of  the  Great 
Whale  River;  and  near  Cape  Jones.  Native,  in  nuggets  with  gold,  in  the  upper 
branches  of  the  Peace  River.  Other  ores  of  copper  have  also  been  found  near  the 
line  of  the  Canadian  Pacific  Railway  in  the  Rocky  Mountains. 

7.  —  Gold. — In  small  quantities  in  the  last  two  localities;  at  Repulse  Bay;  at  the 
Huronian  Mine,  west  of  Thunder  Bay,  Lake  Superior ;  at  Partridge  Lake,  a  little  way 
north  of  last  locality;  to  the  west  of  the  lower  part  of  Mackenzie  River;  in  the  upper 
branches  of  the  Youkou,  and  western  tributaries  of  the  Liard  and  Rat  Rivers;  and  in 
the  drift  in  the  bed  of  the  North  Saskatchewan,  about  Edmonton. 

8. —  Gypsum. — On  both  sides  of  Moose  River,  between  30  and  40  miles  above  Moose 
Factory  ;  between  the  last-named  place  and  fort  Albany ;  among  the  igneous  rocks  of 
the  Ottawa  Islands ;  at  North-east  Cape;  in  the  Riding  Mountains  of  Manitoba;  on 
the  Peace  River  at  Peace  Point,  60  miles  from  Fort  Chippewyan ;  and  west  of  the 
rock-salt  beds  of  Salt  River,  a  small  western  tributary  of  the  Slave  River. 

9. — Salt. — At  Salt  River  as  above;  at  La  Saline  near  the  Athabasca  River,  35  miles 
below  its  junction  with  the  Clearwater  River;  as  brine  issuing  from  Devonian  rocks 
at  the  two  western  extremities  of  Lake  Winnipegosis;  and,  also  as  brine,  on  the  banks 
of  the  White  IMud  River,  above  Westbourne  in  Manitoba. 

10. — Soapstone. — In  abundance  at  Red  Lake,  cast  of  Lake  Winnipeg  ;  near  Falcon 
Island  on  Lake  of  the  Woods ;  and  on  the  Mattagami  River,  20  miles  below  Kena- 
gamisse  Lake. 

11. — Lignite. — In  abundance  from  the  United  States  boundai-y  to  the  Mackenzie 
River.  The  quality  of  the  lignites  seems  to  imi)rove  the  nearer  they  are  to  the  Rocky 
Mountains,  and  also  the  more  disturbed  are  the  strata  associated  with  them. 

12. — Coal. — Of  Carboniferous  age  in  workable  seams,  in  Banks'  Land  and  the 
Islands  of  Melville  Archipelago. 

13. — Anthracite. — A  very  fine  variety  is  said  to  occur  on  Long  Island,  about  four 
miles  from  its  southern  extremity. 

14. — Petroleum  and  As]phalt. — In  abundance  along  the  Athabasca  and  Mackenzie 
Rivers. 

15. — Mica,  of  good  quality  and  in  fair-sized  sheets,  from  the  north  side  of  Hudson's 
Strait  and  Chesterfield  Inlet. 

16. — Graphite. — Said  to  be  abundant  on  the  north  side  of  Hudson's  Strait.  Near 
Fond  du  Lac  on  Lake  Athabasca.     In  schists  near  the  north  shore  of  Lake  Superior. 

17. — Asbestos. — Near  Little  Whale  River  and  on  the  Ottawa  Islands.  In  horn- 
blende schists  at  Rat  Portage,  where  the  River  Winnipeg  issues  from  Lake  of  the 
Woods.     On  both  sides  of  Lake  Nipigon.     Nowhere  in  very  large  quantities. 

18. — Iron  Pyrites. — Between  Chesterfield  Inlet  and  Nevil  Bay ;  on  Scottie  Island 
in  Lake  of  the  Woods,  and  on  the  Mattagami  River.  In  small  quantities  it  is  common 
in  hundreds  of  localities. 

19. — Lime. — Abundant  wherever  the   Devonian  and  Silurian  limestones  crop  out. 
Dolomite  among  the  Huronian  beds  of  Lake  of  the  Woods,  Red  Lake,  etc. 

20-22. — Hydraulic  Cement,  Building  Stones,  Glass  Sand. — All  abundant. 

G.  A.  L. 
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TUE  USE  OF  IROX   CURBS  OR  CRIBS   FOR   SECURING  THE   SIDES 

OF  PITS  AND  DRIFTS.. 

Etnploi  de  cercles  en  fer  et  de  plateaux  de  ch&ne  pour  le  revetement  du  puits  Nord- 
oiiesf,  de  la  C'^  des  mines  de  Blontiettx,  a  Saint-Etienne  {Loire).  hi/  M.  Male. 
Bulletin  de  la  Soriete  de  V  Industrie  Miner  ale.  Ser  2,  Vol.  XI V.,  pp.  555- 5G7. 
Plate  XX'ir. 

The  following  examples  are  given  of  the  use  of  iron  curb-s  or  cribs  for  securing 
the  sides  of  pits. 

Cecilia  Fit. — This  jiit  is  1,716  feet  deep,  with  a  diameter  of  14'7G  feet,  and  is 
cribbed  with  iron,  excepting  85  feet  at  the  top,  which  is  walled  so  as  to  sustain  the 
foundations  of  the  buildings  and  engines.  The  ci'ihs  are  placed  about  3  feet  apart, 
and  the  backing  deals  are  of  oak,  3j  feet  long  and  about  2  inches  thick.  The  cribs 
are  connected  by  eight  iron  props  to  the  one  above.  The  cribs  are  made  of  four  arcs  of 
a  circle,  of  channel  iron  ( i  i  )•  7'87  inches  deep.  '59  inch  thick,  and  2'28  inches  wide. 
The  four  arcs  are  connected  by  metal  fish-plates,  placed  in  the  channels  of  the  iron  cribs, 
and  are  ke])t  in  position  by  means  of  four  small  bolts  '9i  inch  diameter.  Although  there 
is  evidently  great  pressure  upon  this  cribbing  it  is  in  perfect  condition  The  Marie 
pit,  which  is  IGO  feet  distant  and  of  the  same  depth,  is  walled  throughout;  the 
masonry  is  contorted  at  several  points  which  arc  now  protected  witli  iron  cribs. 

Montieux  Colliery,  Xorth-ea.it  Pit. — This  pit  is  1,082  feet  dec]),  with  a  clear 
diameter  of  98 1  feet.  The  surface  water  is  kept  back  by  about  72  feet  of  ashlar 
walling,  set  with  hydraulic  cement.  The  iron  cribs  are  formed  in  three  arcs  of  a  circle, 
of  channel  iron  (  i  i )  7'87  inches  high,  "39  inch  thick,  and  2'28  inches  wide,  weigliing 
about  52  lbs.  per  linear  yard.  These  arcs  are  connected  by  metal  fish-plates,  each  weighing 
68  lbs.,  and  filling  exactly  the  channel  of  the  iron  crib.  They  are  held  in  position  by 
four  pins,  weighing  2\  lbs.  each.  There  are  six  iron  props  between,  and  bolted  to  the 
iron  cribs.     In  ordinary  stone  the   proi)s  are  31'19  inches  long  and  weigh  31  lbs.  each. 

They  are  made  of  channel  iron    ( I I ),  with  a  foot  at  each  end.     In  more  fragile 

ground  they  are  made  15'74  or  23'62  inches  long.  The  backing  deals  behind  the  cribs 
are  of  oak,  196  inch  thick. 

WEIGHT    or   AN    lEON    CRIB,  '39   INCH    THICK. 

3  Arcs  of  an  iron  crib 

6  Iron  props,  31'49  inches  long 

3  Fish-plates  ... 
12  Iron  pins  ... 
12  Screw  bolts  to  fasten  the  props  to  the  cribs 

Total  weight  of  an  iron  crib,  having  a  clear  diameter 
of  9-84  feet  

Each  crib,   complete,  at  £12  per  ton,   will  cost  £5  7s.  4d.     The  oak  backing  cost 
2s.  7|d.  per  square  yard.     The  whole  fabric  is  tightened  by  oak  spars  or  wedges  against 
the  sides  of  the  pit,  which  cost  7s.  3d.  per  linear  yard.     If  the  cribs  are  placed  3i  feet 
apart,  the  total  cost  will  be  £7  7s.  6d.,  or  at  the  rate  of  £6  16s.  per  yard. 
The  advantages  of  the  system  appear  to  be  : — 
1. — No  temporary  timbering  is  required. 
2. — Greater  safety  from  accidents. 
3. — From  20  to  25  per  cent,  less  ground  to  be  removed  on  sinking  for  the  same 

internal  diameter  of  pit. 
4. — Cost  of  sinking  is  less  than  where  stone  walling  is  put  in,  and  the  sinking 
is  executed  in  two-thirds  of  the  time. 
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Use  in  drifts  at  the  Seraing  Collieries. — In  this  case  the  cribs  or  frames  are  made 
of  old  flat-bottomed  rails.  They  are  in  three  pieces,  connected  by  iron  fish-plates;  two 
of  the  pieces  are  curved  and  sustain  the  roof  and  sides  of  the  drifts ;  the  part  resting 
on  the  thill  is  straight.  They  are  placed  usually  about  3|  feet  apart  and  connected  by 
tie-rods.     Oak  or  other  timber  is  used  for  backing  deals. 

A  comparative  test  was  made  in  1870,  as  follows:— 21  of  the  iron  frames  were 
placed  3i  feet  apart,  and  50  sets  of  oak  timber,  8'66  inches  square,  were  placed  next 
them.  The  cost  of  the  iron  frames  was  43s.  6d.,  and  that  of  the  timber  I7s.  6d.  per 
yard,  when  placed  Z\  feet  apart. 

The  cost  of  maintenance  over  seven  years  was — for  iron  frames  6s.,  and  for  timber 
20s.,  per  yard  per  annum.  The  relative  cost  for  twenty  years  for  a  length  of  100 
yards,  would  be — 

Iron  frames       ...  ...  ...  ...  ...  £817  10     0 

Timber 2,087  10    0 

or  a  saving  of  £1.270  in  twenty  years,  and,  in  addition,  at  the  end  of  that  time  the  iron 
would  still  have  some  little  value.  M.  W.  B. 


EXPLOSION  OF  COAL-DUST  BY  DYNAMITE. 

Note  sur  un  accident  survenu  le  7  Juin,  1885.  a  la  fosse  No.  1  des  mines  de  Noeux. 
By  M.  SOUBEIEAN.  Annalex  des  Mines,  Ser.  8,  Vol.  VIII.,  pp.  620-7, 
Plate  VIII. 

This  accident  occurred  on  June  7,  1885,  at  the  No.  1  pit  of  the  Nceux  Colliery,  and 
resulted  in  the  loss  of  three  lives.  At  a  depth  of  1,293  feet  a  level  was  driven  to  the 
south,  and  owing  to  the  undulating  and  faulted  nature  of  the  strata,  the  seams  were 
cut  several  times  by  it.  Thus,  the  St.  Constance  seam,  in  which  the  explosion 
occurred,  was  cut  in  the  south  drift  at  1,800  feet  from  the  shaft,  thrown  up  by  a  fault 
it  was  cut  again  at  2,750  feet;  it  was  found  in  an  edge  or  vertical  condition  at  3,120 
feet,  and  cut  again  at  3,480  feet.  The  accident  took  place  in  the  workings  in  the 
vertical  seam  at  3,120  feet  from  the  shaft.  At  this  point  the  seam  is  32  inches  thick 
and  contains  from  24  to  25  per  cent,  of  volatile  matter,  and  is  dry  and  dusty.  The 
workings  extend  460  feet  to  the  east  and  about  550  feet  to  the  west  of  the  south  drift. 
The  seam  is  worked  to  the  rise  by  longwall,  with  a  stepped  face.  The  coals  are  con- 
veyed by  vertical  shoots  to  the  level  of  the  west  drift.  The  shoots  are  built  in  the  goaf 
and  have  an  area  of  27  inches  by  40  inches.  There  is  a  spout  at  the  bottom,  closed  by 
two  small  planks.  A  rope  is  hung  in  the  shoot  which  is  shaken  whenever  the  coal 
fastens  itself.  In  addition  to  the  coal  shoot  there  were  three  others  used  for  conveying 
timber  to  the  face.  Safety  lamps  were  used  although  gas  had  never  been  seen  in  the 
St.  Constance  seam.  The  air  for  this  portion  of  the  mine  comes  direct  from  the  pit  by 
the  south  drift  and  passes  into  the  west  side.  It  then  moves  upwards  and  eastwards 
around  the  face  of  the  workings,  and,  after  descending,  it  reaches  the  east  level, 
which  forms  the  return  air- way.  The  volume  of  air  was  about  3,600  cubic  feet  per 
minute. 

On  Sunday  morning,  June  7,  1885,  the  overman  Patte  was  advised  by  the  deputy 
V^che  that  the  first,  or  coal  shoot,  was  stopped  at  about  80  feet  above  the  drift  and 
about  15  feet  below  the  third  level.  Veche  had  been  unable  to  cause  a  fall  of  the 
coal.  Patte  and  Veche,  after  examining  the  u})per  part  of  the  workings  where  they 
found  no  cause  of  danger,  went  up  the  third  shoot,  used  for  hoisting  timber,  and  along 
the  second  level.       At  this  time  there  were  three  other  workmen  in  this  district ;  a 
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putter  named  Fievet  who  was  goinj,'  to  take  away  the  coals  when  dislodged  in  the 
shoot,  and  who  was  hehind  his  tub  about  35  feet  east  of  the  coal  shoot,  and  two 
stoncnicn,  Debailleul,  father  and  son,  who  were  cngajjed  in  removing  the  tramway. 
There  was  a  small  rof  ni,^e  hole  in  th(>  coal  shoot  in  which  Patte  sat  down,  whilst  Vecho 
went  upwards  and  placed  a  cartridge  of  3^  ounces  of  dynamite  between  two  pieces  of 
the  coal  where  wedged  together.  He  ignited  the  fuse  and  rejoined  Patte  in  the  refuge 
hole  about  S'lo  a.m.  The  two  men  only  felt  a  shock  like  that  of  an  ordinary  shot  and 
did  not  see  any  flame.  As  one  of  them  was  saying  that  only  a  little  of  the  coal  had 
fallen,  they  were  half  suffocated  by  a  cloud  of  dust  and  bad  air.  They  were  frightened, 
and,  seizing  the  rope  which  was  used  in  the  shoot,  Vciche  followed  Patte,  and  slid  with 
great  velocity  down  to  the  lowest  level.  Patte  ran  out  to  the  main  soutli  drift,  Veche 
was  stunned  and  laid  for  a  little  time  upon  the  spout  of  the  coal  shoot.  He  recovered 
in  a  short  time  and  came  out  to  tlio  soutli  drift,  bringing  the  putter,  who  was  severely 
injured,  out  with  him.  They  were  found  here  by  some  other  workmen  who  gave  them 
lamps,  and  V^che  returned  with  a  man  named  Hannedouchc  to  rescue  the  two 
Debailleuls.  They  were  found  dead;  the  son  was  found  near  the  fourth  timber  shoot, 
and  the  father  about  100  feet  further  in-bye,  as  if  escaping.  Both  were  severely  burnt 
over  the  whole  body,  the  skin  being  quite  black  and  covered  with  coal-dust.  The  medical 
evidence  showed  that  they  had  died  owing  to  the  inspiration  of  deleterious  and  hot  air. 
No  bones  were  broken. 

Fievet  was  sent  to  bank  alive  but  soon  died  from  his  injuries.  Before  his  death, 
he  said  that  the  overman  had  fired  a  shot  in  the  coal  shoot,  which  had  knocked  him 
over ;  he  felt  the  heat  but  saw  no  flame.  Hannedouche,  who  went  in  half -an-hour 
after  the  accident,  about  8-45  a.m.,  felt  the  ground  so  hot  to  his  bare  feet  that  ho  could 
not  stand  still  but  had  to  move  them.  The  manager  found  the  heap  of  coal  laying  at 
the  bottom  of  the  coal  shoot  to  be  quite  warm,  especially  in  the  interior,  at 
10-15  a.m. 

Other  workmen,  at  a  distance  of  1,000  feet  from  the  scene  of  the  explosion,  only 
felt  a  slight  shock  and  continued  at  woi'k.^ 

On  inspection  the  following  facts  were  noted : — In  the  south  drift,  for  a  dis- 
tance of  50  yards  out-bj-e  from  these  workings,  a  quantity  of  fine  dusts  floated  on 
the  surface  of  the  water-level.  The  brick  flue,  which  is  used  as  a  return  air- way  for 
these  workings,  was  burst  open  some  distance  from  the  seam.  The  door  upon  the  east 
side  was  broken  away,  but  the  frames  were  left  standing.  It  was  bent  in-bye  as  if  struck 
with  some  force  coming  from  the  west  side.  Fievet's  tub  was  overturned  and  covered 
with  a  bed  of  coal-dust,  at  a  point  about  35  feet  out-bye  from  the  coal  shoot.  The 
spout  at  the  bottom  of  the  coal  shoot  was  uninjured  and  immediately  below  this  was 
the  small  heap  of  coals  already  referred  to. 

Beyond  the  second  chimney,  whose  lower  orifice  was  almost  uninjured,  the  west 
drift  (which  up  to  that  point  only  showed  coal  dust  and  falls)  was  most  shattered. 
The  spouts  at  the  foot  of  the  third  and  fourth  shoots  were  blown  away  from  the  roof. 
Further  in-bye  the  debris  was  most  abundant,  and  near  the  face  a  heavy  fall  was 
encountered,  nearly  reaching  to  the  second  level ;  but  here  the  goaf,  being  freshly  made, 
had  not  become  firm,  and  would  fall  heavily  if  any  of  the  timbers  were  blown  away. 
The  sides  were  covered  with  a  thick  layer  of  coal-dust,  which,  in  some  places,  was 
slightly  burnt.  Very  little  coke  was  found.  There  was  no  damage  done  above  the 
level  of  the  east  and  west  drifts. 

This  accident  does  not  appear  to  have  been  caused  by  fire-damp,  as  no  gas  was  ever 
found  in  this  district  even  at  the  highest  points;  in  addition,  the  goaf  was  quite  open, 
and  the  whole  area  must  have  been  foul  if  it  had  been  ignited  at  the  cartridge  in  the 
coal  shoot.      If  fire-damp  was  the  cause  the  shoot  must  have  been  clean  or  the  gas 


would  have  fired  in  it  and  the  spoilt  would  have  been  destroyed  and  the  two  overmen 
burnt.  There  was  no  gas  to  the  rise  or  damage  would  have  been  found  in  those 
workings.  The  explosion  was  not  produced  by  the  Debailleuls,  as  they  were  not  using 
explosives  and  had  no  shooting  gear  with  them. 

The  damage  done  was  very  slight,  excepting  the  falls  from  the  goaf.  On  inspection, 
it  appeared  that  the  centre  of  the  explosion  was  near  the  second  or  timber  shoot.  It 
is  probable,  therefore,  that  the  dynamite  had  reduced  the  coal  in  contact  with  it  to 
dust  and  ignited  it,  rather  than  tlie  coal-dust  in  the  coal  shoot.  The  ignition  in  the 
coal  shoot  had  not  been  very  intense  owing  to  want  of  air,  and  extended  without 
violence  until  it  reached  the  west  level  in  a  cloud  of  dust.  This,  meeting  the  fresh 
air,  would  become  more  intense,  and,  on  reaching  the  third  shoot,  would  be  almost 
explosive  in  its  violence.  The  explosion  extended  in  both  directions  from  this  point ; 
that  of  the  west  striking  the  face  and  dividing  into  two  parts,  the  one  going  a  little 
upwards,  and  the  other  returning  along  the  drift  and  throwing  back  the  debris,  so  that 
evidence  was  found  at  all  points  of  passage  in  both  directions,  and  that  of  the  east 
would  blow  down  the  ventilating  door. 

It  appears,  therefore,  that  in  special  cases,  the  use  of  dynamite  does  not  prevent  the 
ignition  of  coal-dust  in  mines.  M.  W.  B. 


THE  NANTICOKE  MINE  DISASTER. 

Annual  Report  of  the  Susquehanna  Coal  Company,  1885.  Engineering  and  Mining 
Journal,  Vol.  XL.,  pp.  429  and  438;  Vol  XLl.,pp.  18  and  225;  and  Plan, 
Vol.  XLL,  p.  18. 

The  cause  of  this  disaster,  by  which  26  men  lost  their  lives  by  an  inundation,  in 
December,  1885,  is  stated  as  follows  in  the  annual  report: — "The  nature  and  cause  of 
the  accident  have  been  thoroughly  examined  and  are  now  well  understood,  and  reveal 
a  local  and  peculiar  cause  that  no  human  caution  or  provision  could  have  been  expected 
to  foresee  or  provide  for."  The  opinion  of  many  distinguished  experts  who  have 
examined  the  subject,  is  that  "  above  the  anticlinal  region  of  the  remote  workings  of 
the  lower  gangway  of  this  opening,  about  3,000  feet  from  the  foot  of  the  slope,  the 
usual  ovcrlyiug  rocks  of  the  measures,  undisturbed  except  by  ordinary  settlement,  lie 
in  place  270  feet  in  thickness;  but  in  that  particular  spot,  and  within  their  mass,  a 
local  funnel-shaped  erosion,  or  '  pot-hole,'  had  occurred,  about  300  feet  in  diameter  at 
the  surface  and  extending  downwards  to,  or  near,  the  bed  of  coal.  This,  at  an  early 
geologic  period,  probably  after  emergence,  had  been  filled  with  sand,  the  chemical 
identity  of  which  has  not  yet  been  ascertained;  but  as  no  other  sandy  de])osit  is  known 
in  the  vicinity,  we  may  sujipose  it  to  be  the  result  of  wind  and  ice  scrapings  on  the 
early  rock  surface  before  the  development  of  soil.  This  sandy  mass  was  in  a  semi- 
liquid  condition,  due  to  the  presence  of  water,  without  means  of  escape.  Over  the 
whole,  conformably  distributed  and  effectually  concealing  the  peculiarity,  lay,  to  a 
depth  of  about  12  feet,  the  usual  oxydized,  weathered,  and  decomposed  rock  known  as 
soil.  The  external  exposure  of  rock,  both  dotatched  and  in  situ,  was  homogeneous,  and 
afforded  no  indication  of  so  remarkable  a  phenomenon.  Although  more  than  200 
precautionary  boreholes  had  been  sunk  in  the  vicinity  to  test  the  integrity  of  the 
measures,  none  of  them  had  struck  this  spot,  which  had  the  external  appearance  of  a 
high  dry  knoll.  When  the  underground  workings  approached  the  lower  debouche  of 
this  eroded  cavity,  the  confining  pillars  burst,  and  the  rush  of  the  half -liquid  mass 
instantly  occurred."  M.  V¥.  B, 
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TIN  IN  THE  MALAY  ARCUIPELAGO  (BANGKA). 

Die  Zfinmnseln  im  Indischen  Oceane.  II. — Das  Zinnerzvorkommen  und  die  Zinn- 
geivinnvng  in  JSaiigka.  By  I)u.  Tiieodor  Posewit/.  Mittheiluwjeii  aus  Jem 
Jahrbuche  der  Icon.  Viujarischen  Qeulogischen  Anstalf,  Vol.  T'lII.,  pip.  57-10(>. 
With  Alap  and  Woodcuf-s. 

A  xQvy  full  and  detailed  account  of  the  geology,  mode  of  winning-,  and  production 
of  the  tin  deposits  of  the  Isle  of  Bangka.  These  occur  in  five  distinct  regions,  namely, 
the  Djebus,  Blinju,  Sungei  Liat  and  Merawang,  Pangkal-Pinang  and  Sungei  Slan, 
Koba,  and  Toboali  district,  all  in  the  north-eastern  half  of  the  island.  The  largest  are 
the  first  three,  the  last  two  being  small  and  unimportant.  The  typical  mode  of  occur- 
rence of  tinstone  in  Bangka  is  an  irregular  bed  lying  upon  the  denuded  edges  of  granite 
and  schists,  and  covered  by  sands  and  clays  belonging  to  the  drift  and  alluvium.  The 
ore  is,  however,  also  found  as  stockwerks,  impregnations  in  granite,  and  forming  true 
lodes,  in  most  respects  as  it  is  known  in  Cornwall  or  in  the  Ziuuwald. 

In  the  Djebus  district  the  Government  work  15  tin  mines  ;  in  that  of  Blinju,  Sungei 
Liat  and  Merawang.  54  mines;  in  Pangkal-Pinang  and  Sungei  Slan,  28  mines;  in 
Koba,  3  mines;  and  in  Toboali,  9  mines.  These  Government  mines  emjjloy  6,009 
miners.  Besides,  there  are  131  mines  in  the  hands  of  private  owners,  w  liich  are  not 
grouped  according  to  districts,  and  which  employ  1,445  men.  From  1821  to  1884  the 
mines  yielded  244,752  tons  of  tin,  the  highest  annual  production  being  0,400  tons,  in 
1856.  G.  A.  L. 


ABNORMAL  STRUCTURE  IN  COAL. 

De  la  structure  helico'idale  de  certaines  Anthraeites  de  Vise.  By  Max  Lohest. 
Annales  de  la  Societe  Geologique  de  Belgique,  Vol.  XII.  (1884-85),  Memoires. 
pp.  242-257.      One  Plate.     {Published  1886.) 

A  description  of  certain  microscopical  structures  for  the  first  time  observed  in 
anthracite.  This  anthracite  occurs  in  geodes  and  veins  in  the  Carboniferous  limestone 
on  the  right  bank  of  the  Meuse,  about  1,200  yards  south  of  the  bridge  of  Vise.  Asso- 
ciated with  the  anthracite  are  such  minerals  as  dolomite,  calcite,  copper  pyrites,  mala- 
chite, chessylite,  blende,  and  iron  pyrites.  The  anthracite  sometimes  occurs  here  in 
small  very  slightly  conical  rods  arising  obliquely  from  thin  plates  of  the  same  sub- 
stance. These  rods,  once  common  in  this  locality,  have  now  become  exceedingly  rare. 
According  to  M.  Jorrisen,  who  analysed  some  of  them,  they  burned  with  difficulty, 
lea\ing  7'5  per  cent,  of  ash  containing  sulphates,  due,  in  all  probability,  to  the  decom- 
position of  metallic  sulphides.  Examined  microscopically  in  transverse  opaque  sections 
a  helicoidal  structure  is  distinctly  observable,  some  rods  exhibiting  as  many  as  16  or  17 
spirals.  Sometimes  in  the  same  rod  the  spirals  run  in  different  directions.  The  heli- 
coidal lines  are  in  relief  upon  the  surface  of  the  rods.  The  author  shows  that  this 
singular  structure  is  not  of  organic  origin,  and  that  it  is  not  akin  to  perlitic  structure. 
He  prefers  to  regard  it  of  purely  mineral  origin,  and  as  a  new  example  of  "  structural 
hemihedry,"  as  viewed  by  Bombicci,  in  a  remarkable  Memoir  entitled  L'Emiedria 
.itrutlurale  ed  il  quarzo  plagiedro  in  aggruppamenfi  paralololdi,  and  published  in 
Vol.  II.,  Ser.  2.  of  the  .Vem.  dell'  Ac.  dell'  Istituto  di  Bologna. 

G.  A.  L. 
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GOLD  MININCt  in  TRANSYLVANIA. 

Ber    Qoldherglau   Siehenhilrgeus.     By   Josef   Palffy.      Read  at  the  Mining  and 
Geological  Congress  at  Budapest  in  1885.     14  pp.     Budaped,  1886. 

A  concise  account  of  the  geological,  mining,  and  commercial  facts  relating  to  gold 
mining  in  this  region.  Useful  as  an  addition  to  Mr.  Liveing's  paper  on  the  same 
subject,  in  the  Institute  Transactions,  Vol.  XXXV.,  page  81.  G.  A.  L. 


THE  GEOLOGY  OF  SCHEMNITZ. 

GescMclde  der  Geologic  von  Schemnitz.     By  Dr.  Josef  Szabo.     Read  at  the  Mining 
and  Geological  Congress  at  Budapest  in  1885.     l^s  pp.     Budapest,  1886. 

A  precis  of  the  history  of  the  progress  of  geological  knowledge  as  regards  the 
celebrated  mining  district  of  Schemnitz.  A  Table  at  p.  14  exhibits  at  a  glance  the 
views  held  by  the  chief  investigators  of  the  region  as  to  the  nature  and  succession  of 
its  rocks.  The  oldest  writer  is  Beudant  (1822),  whose  work  formed  the  basis  of  all 
further  observations,  and,  considering  its  date,  was  of  remarkable  accuracy.  Pettko 
followed  in  1853,  Andrian  in  1866,  Lipoid  in  1867,  and  lastly  the  present  author  in 
1885,  whose  schedule  of  the  formations  is  given  thus :  — 

Alluvium :  Calctuff. 

Diluvium:  (a)  Nyirok  (  =  Laterite). 
(b)  Gravels. 

Cainozoic  rocTcs :  1.  Basalt. 

2.  Pyroxene  Trachyte. 

(a)  Normal. 

(6)   Greenstone  type. 

(c)  Rhyolite  type. 

{d)  Conglomerate  type. 

3.  Biotite-Trachyte  with  Aiidesin-Labradorite 

(a)  Normal. 

(6)  Greenstone  type. 

(c)   Rhyolite  type. 

{d)  Conglomerate  type. 

4.  Biotite-Trachyte  with  Orthoclase-Andesin. 

{a)  Normal. 

Qj)  Greenstone  type. 

(c)  Rhyolite  type. 

{d)  Conglomerate  type. 

5.  Fresh-water  quartz. 

6.  Nummulitic  beds. 
Mesozoic  rocks :   1.  Diorite. 

2.  Limestone,  Dolomite. 

3.  Trias  (Ujjper  and  Lower). 
PalcBOZoic  rocks :  1.  Clay-slate. 

2.  Quartzite. 

3.  Arkose  (Aplite). 

4.  Micaschist. 

5.  Gneiss. 

(In  this  classification  the  numbers  do  not  imply  sequence  necessarily.) 

G.  A.  L 
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(U)LI)  IN  NEW  ZKAIANl). 

Report  on  the  Goldjields  of  New  Zealand.  By  J.  McKerkow,  H.  A.  GonuoN,  H. 
Kenrick,  J.  M.  McLaren,  W.  (Jibus,  V.  Uiru.  J.  Kkddell,  J.  Giles,  1). 
Macfablane,  J.  IIicKSON,  J.  N.  Wood,  J.  S.  IIickson,  W.  II.  Revell,  II.  W. 
RoBiNSOir,  J.  P.  Maitland,  H.  McCulloch,  J.  Gow,  D.  Doyle,  W.  Guffie, 
J.  C.  Gavin,  H.  S.  McKellau,  W.  Seed,  and  H.  J.  H.  Elliott.  Folio,  06  pp. 
Wellington,  New  Zealand,  1885. 

A  general  account  of  the  present  condition  and  probable  prospects  of  the  gold-fields 
of  the  Colony,  addressed  to  the  Minister  of  Mines. 

The  gold-fields  have  been  opened  on  a  large  scale  since  the  discoveries  of  Gabriel 
Read  at  Tuapeka,  Otago,  in  ISfil.  The  total  value  of  the  export  of  gold  from  the 
Colony  up  to  the  31st  March,  1885,  was  £11,03 1,507.  For  the  year  ending  on  that 
date  the  return  is  239,688  ozs.,  worth  £927,433,  or  £31,701  less  than  the  year  before. 
This  diminution,  which  has  been  going  on  for  some  years,  is  ascribed  to  the  fact  that 
the  alluvial  deposits  are  still  the  chief  source  of  yield.  During  the  year  rcjiorted,  an 
auriferous  drift  worth  working  has  been  proved  at  Criffel,  in  Otago,  on  the  higli  slopes 
of  Mount  Pisa,  at  a  height  of  about  4,000  feet  above  the  sea. 

In  the  high  ground  there  are  no  doubt  many  undiscovered  gold-bearing  clays,  sands, 
and  gravels,  but  probably  none  of  very  large  area.  Quartz  working  is  carried  on  in  the 
Coromandel,  Thames,  Te  Aroha,  Reefton,  Lyell,  Mikihinui,  Hindon,  CoUingwood, 
Queenstown  (Skipper  and  head  of  Lake),  Arrow,  Cromwell,  and  Lawrence  districts. 
Ill  the  year  1884-85,  the  number  of  tons  of  quartz  crushed  was  92,872,  yielding  91,949 
ozs.  of  gold.  This  shows  a  large  increase  in  the  quantity  of  quartz  for  the  year  1883-84, 
but  the  amount  of  gold  has  not  increased  in  proportion.  The  Thames — the  most 
important  quartz-mining  district — shows  a  large  falling  off  in  its  returns. 

The  number  of  alluvial  gold  miners  has  diminished  by  269,  while  that  of  quartz 
miners  has  increased  by  97.  The  total  number  of  miners  employed  in  1883-84  was 
12,206,  whilst  in  1884-85  it  was  12,034.  G.  A.  L. 


MINES    OP   GUIPUZCOA. 

La  Mtneria  de   Guiptizcoa.      By   Ramon  A  dan   de  Yarza.       Recista  Mhiera  y 
Metalurgica,  Ser.  C,  Vol.  IV.  (1886),  pp.  20,  21. 

The  mineral  resources  of  Guipuzcoa  are  described  under  the  following  heads  : — 

1. — Lead. — Ores  of  lead  occur  here  chiefly  in  veins  cutting  through  slates  and 
quartzites  of  Palaeozoic  age,  between  Irun  and  Oyarzun,  and  skirting  the  granitic  mass 
of  Aya.  Less  important  lead  veins  are  known  in  some  of  the  Cretaceous  comjiact 
limestones  of  this  region.  The  lodes,  worked  by  the  Real  Compaiiia  Asturiana  at  the 
San  Nicolas,  San  Narciso,  and  Arditurri,  belong  to  the  former  group,  and  the  ore  there 
is  fairly  argentiferous. 

2. — Zinc. — Blende  is  worked  chiefly  at  the  Arditurri  mines  already  mentioned, 
where  it  occurs  associated  with  galena.  Calamine  is  also  found  in  irregular  pockets  in 
the  hard  limestones  (Cretaceous)  of  the  Aizgorri  mountains. 

3. — Iron. — The  ores  of  iron  are  the  most  abundant  in  this  part  of  Spain.  They  occur 
(o)  as  contact  veins  at  the  junction  of  Palaeozoic  schists  and  granite,  at  the  San 
Fernando  and  San  Enrique,  both  situated  at  the  foot  of  the  Peua  de  Aya.  In  the 
last-named  mine,  the  vein  is  traversed  by  a  dyke  of  diabase,  (b)  As  veins  in  the 
Paleozoic  rocks  in  the  Oyarzun  and  Renteria  districts,  but  the  quantity  of  ore  is  small. 
(c)  As  irregular  masses  between  the  granite  and  the  Palaeozoic  I'ocks.      To  this  group 
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belong  the  haematite  deposits  of  the  Sau  Miguel  mine,  and  those  (with  the  addition  of 
siderlte)  of  the  Chacordi,  San  Fernando,  and  San  Adolfo,  all  in  the  Iriin  district. 
((f)  As  irregular  masses  in  the  Palajozoic  and  Triassic  rocks.  There  are  many  of  these 
deposits,  and  some  of  them  feed  the  newly  established  and  important  steel  works  of 
the  Petin  Gaudet  Company  at  Boucan  (Bayonne).  (e)  As  irregular  masses  in  the 
Cretaceous  limestones  of  the  Aizgorri  mountains.  (f)  As  deposits  associated  with 
Serpentines  at  Elduayen  and  elsewhere.  They  are  encased  in  red  sandstones  of 
Triassic  age. 

4. — Lignite.— Kt  Hernani  lignite  is  worked  in  shales  containing  OrhitoUna 
conoidea  and  0.  discoidea,  and,  therefore,  of  Urg-Aptian  or  Albian  age.  The  chief 
seam  has  an  average  thickness  of  2'80  metres  (9|^  feet).  Several  beds  of  lignite  also 
occur  in  the  Cestona  district,  among  limestones  and  marls,  corresponding  to  those  of 
the  Utrillas  basin  in  the  province  of  Teruel.  Although  Carboniferous  rocks  crop  out 
in  Guipuzcoa,  they  yield  no  coal. 

5. — Salt. — Brine  springs  are  abundant  and  yield  much  salt.  The  most  important 
locality  is  in  the  valley  of  Leniz,  where  the  salt  water  issues  from  sandstones  belonging 
to  the  Lower  Cretaceous  series.  Salt  springs  at  Cegama  occupy  a  similar  position,  but 
yield  much  less  salt  than  those  of  Leniz.  G.  A.  L. 


SPANISH  MINES  IN  1884. 

Estadistica  Minera  de  Espana  correspondiente  al  ano  1884.      Mevista  Minera  y 
MetaUrgica,  Ser.  C,  Vol.  IV.  (1886),  pp.  43-45. 

The  following  Table  gives  the  number  of  mines  (I.),  number  of  men  employed  (II.), 
and  amount  of  mineral  produce  (HI.),  for  the  year  1885  in  the  whole  of  Spain  : — 

Iron  ... 

Lead... 

Argentiferous  lead . . 

Silver 

Copper 

Ai-gentiferous  copper 

Zinc...  

Quicksilver... 
Antimony  ... 
Manganese   ... 

Salt 

Sulphate  of  soda     ... 

Sulphate  of  baryta 

Alum 

Sulphur 

Phosphorite... 

Steatite 

Kaolin  and  refractory  clays 

Coal 

Lignite 
Asphalt 
Mineral  Springs 

G.  A.  L. 


I. 

II. 

III,  (tons.) 

665  . 

..  13,381 

...  3,907,266 

949  ., 

,.  17,435 

...   331,164 

75  .. 

,.   3,872 

26,047 

15  . 

182 

5,982 

44  .. 

..   8,490 

...  2,271,060 

1  . 

..   (?) 

8 

97  .. 

..   1,616 

49,838 

16  ., 

..   3,439 

...   24,683 

5  ., 

100 

1,095 

5  . 

84 

851 

58  . 

767 

...   112,317 

6  . 

50 

1,735 

2  . 

8 

1,250 

6  . 

90 

6,843 

39  ., 

..   1,004 

43,967 

10  ., 

654 

37,705 

1  ., 

4 

100 

2  . 

28 

680 

399  . 

..  9,069 

...  952,970 

49  . 

550 

26,380 

2  . 

15 

243 

8  . 

19 

— 
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GOLD   MIXING    IN  ANDALUSIA* 

Oiseinen/s  aurifhres  de  V Andalousie.  liif  A.  !•'.  NoGCKs.  Bulletin  de  la  ISocietp 
de  r Industrie  Mim'rale,  Scr.  2.  Vol.  XIV.,  pp.  931-1,032.  Plates  XLl., 
XT. II.,  and  sections  in  the  text. 

The  auriferous  deposits  of  Andalusia  require  special  methods  of  \vorkiii<r,  owing  to 
the  circumstances  in  wliich  they  are  found.  The  minerals  to  he  worked  arc  the  red 
soils  of  the  hills  and  the  alluviums  of  the  plains. 

The  mass  of  the  auriferous  deposits  is  very  irregular  and  inconstant,  and  affords  no 
security  or  guarantee  for  the  future.  The  richness  of  the  deposits  has  been  tested  by 
e.'^perts  in  Paris,  etc.,  but  they  are  imiierfect,  because  they  give  the  total  and  do  not 
distinguish  the  native  from  the  combined  gold.  Trials  with  the  batea  and  consecutive 
amalgamation  have  given  very  .satisfactory  results.  By  the  first  washing  the  native 
gold  is  obtained  and  amalgamated;  then  the  ccnnbined  gold,  which  is  eipial  inajuantity 
to  the  native  gold,  may  be  found  by  analysis  in  the  ordinary  way.  The  quantity  of 
the  gold  found  in  the  red  soils  and  the  alluviums  of  the  two  slopes  of  the  Sierra  de 
Penaflor  varies  on  the  average  between  60  and  70  grains  of  free  gold,  worth  from  10s. 
to  lis.,  per  cubic  yard.  Rich  samjjles  have  exceeded  350  grains  of  gold  per  ton  of 
soil. 

The  combined  gold  is  found  with  antimony,  bismuth,  nickel,  cobalt,  copper,  iron, 
lead,  tellurium,  etc. ;  most  of  the  concessions  are  registered  as  mines  of  auriferous 
titaniferous-iron,  copper,  etc. ;  sometimes  the  gold  is  not  even  named,  so  as  to  reduce 
the  dues  payable  to  the  Government,  and  to  avoid  the  too  great  cupidity  of  the  owners 
of  the  surface. 

The  metallurgical  treatment  of  the  combined  gold  is  a  delicate  opei'ation  requiring 
the  attention  of  specialists,  as  the  combinations  are  constantly  varying ;  and  it  will  be 
probably  found  to  be  most  economical  to  send  the  black  auriferous  sand,  free  of  native 
gold,  to  metallurgical  firms  in  England,  France,  or  Germany  for  treatment. 

The  auriferous  soils  and  alluviums  must  be  treated  as  economically  as  possible, 
attention  being  paid  to  the  dissemination  of  the  gold,  its  extreme  fineness,  and  the 
quantity  of  water  at  the  disposal  of  the  miner.  When  the  red  soil  is  highly  argil- 
laceous the  mineral  should  be  concentrated  by  washing.  In  concessions  at  the  foot  of 
the  hills,  where  water  is  somewhat  abundant,  and  in  those  of  the  plains,  the  soil  and 
auriferous  sands  would  be  advantageously  worked  by  sluices.  Where  water  is  not 
abundant  the  mineral  should  be  concentrated  by  some  means  before  amalgamation. 

The  proper  mode  of  working  will,  therefore,  consist  of  sluices  or  concentration 
followed  by  amalgamation.  Sands  may  be  amalgamated  direct  without  sluices.  Work- 
ing by  sluices  requires  a  sufficient  quantity  of  water  and  a  convenient  fall ;  amalga- 
mation requires  least  water.  Upon  the  higher  hills,  where  water  is  rare,  the  treatment 
of  the  calcined  and  pulverized  auriferous  minerals  must  be  made  by  dry  amalga- 
mation. 

The  working  of  auriferous  sands  and  soils  by  sluices  is  the  most  economical, 
although  by  this  method  some  of  the  gold  is  carried  away  by  the  water;  amalgamation, 
whether  preceded  or  not  by  concentration  of  the  soils,  is  more  costly;  lastly,  dry 
amalgamation  is  the  most  costly  of  all,  and  can  only  be  emiDloyed  if  the  auriferous 
soils  are  very  rich  in  gold,  suflficient  to  cover  the  cost  of  calcination,  pulverization,  and 
extraction. 

Water  is  the  most  important  factor  in  \vorking  these  auriferous  minerals.  In  the 
event  of  workings  upon  a  large  scale  in  the  alluvium  of  the  plains,  the  collection  of  the 
water  from  the  diffei-ent  streams,  etc..  would  be  very  complex  :  the  cheapest  jilan  would 
be  to  take  it  from  the  Guadahpiivir  river,  raising  the  water  by  means  of  turbines  on 
to  the  lower  hills,  and  thus  obtain  sufficient  fall  for  washing  or  concentration. 
*  Sue  "  Gold  in  Andalusia,"  Abstracts,  pp.  35  and  36. 
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The  value  of  the  land  is  an  important  question  to  the  miner.  It  consists  of  three 
classes: — Waste  land,  or  planted  with  shrubs,  worth  from  10s.  to  13s.  per  acre;  land 
cultivated  for  cereals  and  vegetables,  worth,  according  to  position  in  the  hills  or  plains, 
from  £1  10s.  to  £3  per  acre  ;  olive  plantations,  worth,  accoiding  to  jTOsition,  from  £3 
to  £6  i^er  aci-e. 

The  Andalusian  workman,  badly  fed,  does  not  perform  so  much  work  as  the  work- 
man of  the  North  of  Europe  ;  but  he  is  sinewy,  accustomed  to  heat,  and,  with  better 
food,  would  produce  much  more  work.  The  day's  wage  is  about  Is.  7d.,  but  in  harvest 
time  it  rises  to  2s.  and  upwards.  These  workmen  can,  in  a  day  of  10  hours  of  work, 
dig  from  10  to  12  cubic  yards  of  sand  or  superficial  soil,  and  the  cost  per  cubic  yard 
would  be  from  If d.  to  2d. 

Traus]iort  by  inclined  or  other  planes  upon  the  surface  to  the  washers,  concentrators, 
and  amalgamators  would  be  costly,  but  the  cost  by  animals  would  be  much  greater. 

A  mine  treating  only  130  cubic  yards  of  the  auriferous  deposits  per  day,  or  40.000 
cubic  yards  per  annum,  would  probably  realize  an  annual  profit  of  £13,000.  Mining 
will  be  profitable,  if  made  with  sluices,  so  long  as  there  is  6s.  worth  of  gold  per  cubic 
yard. 

The  paper  also  contains  a  plan  of  the  gold  mining  concessions  in  the  Peuaflor 
district.  M.  VV.  B. 


EFFECTS  PRODUCED  ON  THE  SURFACE  BY  MINE  WORKINGS. 

Note  sur  les  mouvements  de  terrain  provoques  par  Vexploitation  des  mines.  By 
M.  Fayol.  Bulletin  de  la  Societe  de  V Industrie  Minerale,  Ser.  2,  Vol.  XIV., 
pp.  805-871.     Plates  XXXV.-XL. 

The  most  contradictory  opinions  are  lield  as  to  the  movements  of  the  surface  pro- 
duced by  the  workings  of  mines.  There  is  no  agreement  as  to  the  amplitude,  position, 
or  the  direction  of  these  movements.    These  opinions  may  be  summarized  as  follows: — 

As  to  the  vertical  extension  of  the  movements — 

(1)  The  movements  are  seen  at  the  surface  irrespective  of  depth. 

(2)  The  surface  is  unaffected  when  the  workings  are  more  than  a  certain  depth. 
As  to  the  amount  of  the  movements — 

(1)  The  effects  extend  to  the  surface  without  apparent  diminution, 

(2)  The  effects  are  gradually  diminished  in  approaching  the  surface. 
As  to  the  position  of  the  effects — 

(1)  The  results  upon  the  surface  are  vertically  above  the  mine  excavations. 

(2)  The  results  upon  the  surface  are  limited  by  lines  drawn  from  the  perimeter 

of  the  excavations,  and  perpendicular  to  the  seams. 

(3)  The  surface  affected  is  bounded  by  lines  making  an  angle  of  45°  with  the 

horizon,  or  some  other  angle. 
And  as  to  preventive  means — 

(1)  Stowing  is  an  efficacious  protection  to  the  surface. 

(2)  Stowing  only  diminishes  the  effects  upon  the  surface. 

(3)  The  damage  done  to  the  surface  is  much  greater  when  the  workings  are 

stowed  than  when  left  to  fall  freely. 

Although  great  divergencies  are  expressed,  the  general  law  would  appear  to  be: 
the  movements  of  the  strata  are  limited  by  a  kind  of  dome  whose  base  rests  upon  the 
excavations,  and  the  amount  of  the  movements  dimiuislies  as  the  distance  from  the 
centre  of  the  excavation  increases. 

The  preceding  law  agrees  with  all  the  results  usually  observed;  it  has  the  defect  of 
being  somewhat  vague,  but  as  so  many  elements  are  concerned  in  the  question,  known 
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and  unknown,  such  as  the  nature  of  the  strata,  thickness  of  scams,  faults,  effects  of 
water,  etc.,  it  is  impossible  to  determine  exactly  the  form,  direction,  and  relative 
amplitude  of  the  damage  to  the  surface. 

A  large  number  of  observations  upon  this  important  question  are  described  under 
the  following  divisions  :— 

I. — Bending  of  plates  tied  together  at  the  ends. — By  experiments  upon  superposed 
layers  of  iron,  Hat  aloe  ropes,  india-rubber,  wood,  etc.,  it  was  found  that  when  supported 
at  each  end,  the  bars  were  bent  downwards  between  the  end  supports,  the  lowest  one 
in  all  cases  having  the  greatest  deflection,  varying  with  the  nature  of  the  material. 
The  limits  of  these  deflections  are  marked  by  a  dome  shaped  curve,  depending  upon 
the  nature  of  the  material,  the  dimensions  of  the  plates  and  the  distance  apart  of  the 
supports.  Similar  effects  are  constantly  being  seen  in  mines,  in  the  roof  of  drifts, 
and  other  small  excavations,  and  in  the  walls  of  buildings  where  the  lintel  of  a  door  or 
window  is  broken. 

Direction  of  fracture  of  rocks. — It  is  generally  considered  that  the  line  of  fracture 
is  perpendicular  to  the  length  of  the  piece  when  supported  at  each  end ;  but  this  is  an 
error,  the  fracture  usually  occurs  in  a  plane  inclined  over  the  excavation. 

Volume  of  broken  rocks. — Rocks  generally  increase  in  volume  by  being  broken,  and 
this  increase  may  be  very  considerable ;  thus,  coal  increased  2"07  times,  sandstone  2'19 
times,  and  shales  2--13  times  when  reduced  to  dust. 

Settlement. — The  amount  of  settlement  depends  upon  the  depth  or  pressure,  and 
varies  with  the  volume  of  rocks  when  broken,  and  their  resistance  to  compression 
increases  as  the  broken  volume  is  smaller.  The  broken  volume  usually  remains  greater 
than  the  primitive  unbroken  volume.  Stowing  will  always  prevent  a  certain  amount 
of  breakage  of  strata.  Shale,  used  as  stowing,  with  a  volume  increased  by  breakage 
by  60  per  cent.,  appears  to  be  compressed,  for  depths  from  300  to  1,000  feet,  by  about 
30  per  cent.,  retaining  a  volume  12  per  cent,  greater  than  the  initial  solid  rock.  It  is  evi- 
dent, therefore,  that  the  spaces  and  fissures  caused  by  the  excavations  always  remain, 
more  or  less,  open.     Water  plays  an  important  part  in  the  settlement  of  the  ground. 

II. — Experiments  vpon  the  movements  of  the  strata. — Experiments  were  made 
upon  a  small  scale  to  reproduce  the  effects  caused  by  mine  workings.  Artificial  and 
alternate  beds  of  clay,  sand,  plaster,  or  other  materials  were  arranged,  of  various 
thicknesses,  in  a  wooden  box,  with  a  glass  side  or  window.  The  one  usually  employed 
in  the  experiments  was  32  inches  long,  12  inches  wide,  and  20  inches  deep.  Before 
forming  the  artificial  beds,  small  pieces  of  wood  were  laid  upon  the  bottom  of  the  box ; 
these  pieces  were  all  of  the  same  thickness,  and  their  length  was  equal  to  the  width  of 
the  box.  On  withdrawing  the  pieces  of  wood,  excavations  and  movements  of  the  strata 
were  produced.     One  experiment  lasted  a  few  hours. 

The  effects  produced  by  workings  upon  artificial  .strata  laying,  conformably  and 
unconformably,  at  various  inclinations  from  horizontal  to  vertical,  are  clearly  shown  by 
these  experiments.  The  results  of  leaving  pillars  and  barriers,  effects  of  depth, 
influence  of  faults,  directions  of  cracks,  etc.,  are  also  fully  detailed. 

III. — Observations. — Several  actual  instances  of  observations  of  the  effects  of 
mine  workings  are  given,  detailing  the  results  seen  in  the  mine,  effects  of  thickness 
and  depth  of  seam,  of  stowing  and  mode  of  working,  movements  of  the  surface, 
effects  upon  barriers  and  pillars  left  as  supports,  etc. 

IV. — Conclusions. — In  stratified  rocks  the  zone  of  movements  is  usually  limited  by 
a  kind  of  dome,  whose  base  rests  upon  the  excavations.  The  form  and  dimensions  of 
this  zone  are  dependent  upon  a  number  of  elemcnt.s,  more  especially  the  inclination  of 
the  seams,  faults,  and  other  geological  accidents,  the  nature  of  the  strata  and  thick- 
ness of  the  beds,  the  mode  of  working,  area  and  depth  of  the  excavations,  the  amount 
and  description  of  stowing,  etc. 
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Movements  of  the  surface  can  be  prevented  by  carefully  stowing  the  excavations 
with  incompressible  materials,  but  this  method  is  costly  and  often  impracticable.  It  is 
more  practicable  to  protect  the  surface  by  leaving  pillars  in  the  midst  of  the  excava- 
tions.    This  system  has  been  universally  ado^jted  as  being  most  efficient. 

The  knowledge  of  the  la\^'s  which  govern  the  directions  of  the  movements  of  the 
strata  will  greatly  facilitate  the  arrangements  of  the  workings,  in  order  to  protect  any 
point  or  points  upon  the  surface.  The  pillars  must  be  small  when  the  workings  are 
shallow;  as  the  depth  increases,  the  dimensions  of  the  pillars  and  excavated  areas  must 
be  augmented,  so  as  to  keep  the  affected  zones  separate  and  distinct  from  each  other. 

This  general  rule  is  susceptible  of  many  variations  dependent  upon  the  thickness, 
inclination,  number,  and  depth  of  the  seams  being  worked.  M.  W.  B. 


AUTOMATIC  SELF-ACTING  INCLINED  PLANES. 

iJea  divers  moyens  de  transport  mccanique  emploi/es  dans  les  exploitations  de  mineral 

defer  de  Bilbao  (Espagne).     By  M.  Malissaed-Taza.    Bulletin  de  la  Societe 

de  VIndustrie  3finerale,   Ser.   2,    Vol.  XIV.,  pp.   10G5-1072.      Plate  XLIV., 

fffs.  1,  2.  3,  and  4. 

DescrijDtions  are  given  of  the  various  means  of  transport  used  at  the  Bilbao  iron 

ore  mines,  particulars  of  which  have  already  appeared  in  the  Transactions.* 

The  Cadegal  self-acting  inclined  plane  is  distinguished  from  all  similar  installations 
by  the  use  of  a  fan-break. 

This  plane  is  1,970  feet  long,  and  has  a  descent  of  about  525  feet;  it  is  laid  with 
double  way  of  metric  (3'28  feet)  gauge.  The  machinery  consists  of  a  drum  16'4  feet 
diameter,  which  has  a  spur  wheel  in  the  centre  driving  a  small  pinion  attached  to  the 
same  shaft  as  the  fan  break. 

The  fan  break  consists  of  four  radial  blades  about  6'5  feet  wide  and  16"4  feet  in 
external  diameter.  There  are  two  band  breaks  on  each  side  of  the  drum,  worked  at  a 
distance  of  about  200  feet,  by  rods. 

The  drum  is  in  the  form  of  two  cones,  to  ensure  the  rope  laying  regulai-ly  upon  it. 
The  ropes  are  1'57  inches  diameter,  and  eight  wagons,  carrying  each  two  tons  of  ore, 
are  run  at  a  time. 

As  soon  as  the  train  is  set  away  the  fan  break  works,  slowly  at  first,  but  in  a  few 
seconds  the  speed  increases,  until  movement  becomes  absolutely  uniform  owing  to  the 
resistance  of  the  air.  The  dimensions  of  fan  were  calculated  for  a  velocity  of  10  feet 
per  second,  which  is  never  exceeded;  this  pioduces  about  90  revolutions  of  the  fan  ]ier 
miniite.  The  total  length  is  covered  in  about  3j  minutes,  the  wagons  are  changed  in 
6  or  7  minutes,  and  train  after  train  is  set  away  every  10  minutes.  The  leadings  per 
day  of  10  hours  are  about  1,000  tons. 

The  advantages  of  the  fan  break  are : — 

1. — There  is  no  continuous  fi-iction  of  the  break  strap,  and  heating  and  wear- 
ing away  of  the  cleading. 
2 — There  is  perfectly  uniform  motion. 
3. — Thg  apparatus  can  be  regulated  to  any  speed  by  the  addition  or  remo\al  of 

battens  from  the  blades  of  the  fan. 
4. — It  requires  no  attention  except  on  the  arrival  of  the  wagons  at  the  top  of 
the  incline. 
It  may  be  added  that  this  apparatus  has  worked  from  the  first  with  great  success, 
and  continues  to  give  full  and  perfect  satisfaction.  M.  W.  B. 

-  See  Vol.  XXXIII ,  pp.  213  t,o  235 
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PETROLEl'M   IX  IIUXUAKY. 

Ueher  die  bisher  erxielten  Result  ate  und  die  AussicJiten  ron  Pet  rolcumschii  rftuiffen  in 
Ungarn.     By  J.  Noth.    Read  at  the  Mining  and  Geological  Congress  at  Buda- 
jtest  in  18S').     15  P2>-     Four  Woodcuts  in  text.     Budapest,  1886. 

The  iliscovories  of  iini.cral  oil  liitherto  m;ulo  in  Ilungiiry  have  been  limited  to  the 
great  Carpathian  sandstone  series,  which  comprises  rocks  of  Neocomian,  Eocene,  und 
Lower  Neogene  age. 

1. — At  Arva,  Liptan,  Komarnik.  Mikowa,  Luch,  Przolina,  and  Sodsmczo,  oil  has 
been  proved  in  the  Teschen  shales,  the  Werusdorf  and  Kopianka  beds,  and  the  Lower 
Hieroglyphic  and  Fncoid  beds,  all  gronps  of  the  Neocomian. 

2. — At  Konyhaand  S/acsal,  in  the  Upper  Hiei'oglyphic  and  Fueoid  beds  of  the  Lower 
Neocomian  group.  At  Marmaros,  Zilx),  Udvarhely,  and  Zoosmezii,  in  the  Menilite 
fish  shales  of  ^Nleletta  and  Smllus  (/.('.,  Middle  Eocene). 

3. — Over  the  greater  part  of  Upper  Hungary  and  Transyh-auia,  in  connection  with 
the  Magu  and  Kliwa  sandstone,  and  the  Szipot  beds  (Upper  Oligocene). 

4. — At  Recz,  Kovac,  Garbonac.  Dragomer,  and  Soosmerzo,  in  Neogene  deposits. 

The  geological  details  of  the  localities  of  Dragomer,  Boryslaw  (in  a  neighbouring 
state),  Konyha,  and  Szacsal,  are  illustrated  by  longitudinal  sketch-sections,  and 
described  at  greater  length  than  those  relating  to  other  places. 

The  following  are  the  conclusions  arrived  at  by  the  author  : — First,  that  in  Hungary 
the  same  geological  horizons  are  petroleum-bearing  as  in  Galicia ;  secondly,  that  many 
very  likely  spots  for  oil-winning  can  be  pointed  out. 

G.  A.  L. 


THE  GEOLOGY  OF  SERVIA. 

Geologische  Uebersicht  des  Konigreiches  Serbien.  By  J.  M.  ZUJOVIC.  Jahriuch  der 
K.K.  Geologischen  Reichsandalt,  Vol.  XXXVI.  (1886),  fp.  71-126,  with 
coloured  Geological  Map. 

A  useful  resume  of  all  that  is  known  respecting  the  geology  of  the  kingdom  of 
Servia,  with  references  to  all  previous  writings  on  the  subject,  and  very  full  lists  of 
fossils.     The  rocks  of  the  country  arc  grouped  as  follows  (in  ascending  order) :  — 
1. — Ci'ystalliue  schists  (Archaean  ?). 
2. — Palseozoic  schists. 
3. — Red  sandstone  (Permian  ?). 
4.— Trias. 
5. — Cretaceous. 
6. —  Flyscli  (Eocene). 
7. — Neogene. 
8. — Diluvium  and  alluviinu. 

Granitic  rocks.  j    Plutonic 

Trachytic  and  porphyritic  rocks.  >        and 

Serpentine  and  Euphotide  (Gabbro).  )     igneous. 

The  localities  at  which  each  kind  of  rock  occurs  are  very  fully  given. 

G.  A.  L. 
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STATISTICS  OF  MINING,  METALLURGY,  ETC.,  IN  BELGIUM  IN  1883. 

Statistique  des  Mines,  Minihres,  Carrieres,  Usines  Metallurgiques  et  AppareUs  a 
Vapeur  de  Belfiique,  pour  Vannee  1883.  Annales  des  Traoaux  Puhh'cs  de 
Belgique,  Vol.  XLII.,  pp.  559-579. 

Collieries. 

Number 801 

Production — 

Haiiiault 

Namiir  ... 

Liege    ... 

Total  

Imports — 

Coal       ...  ...  ...  ...  ...       "... 

Coke  (70  per  cent.)  ...  ...         

Total 

Exports — 

Coal       

Coke  (70  per  cent.)     ... 

Total         

Excess  of  exports  over  imports 
Consumption 
Value  of  production 
Mean  selling  price  per  ton 
Mean  thickness  of  seams  worked 
Steam  engines  — 

Winding 

Pumping 

Ventilating 

Sundry  uses 

Total  

Workmen  underground — 

Men      

Vv'omeu 
Boys  under  16 
Girls  under  16 

Total         

Workmen  at  bank — 

Men      

Women 
Boys  under  16 
Girls  under  16 

Total         

Grand  total  of  workmen  employed 

"  The  production  of  coal  for  the  years  1831  to  1883,  inclusive,  is  478,851,664  tons,  worth  £214,335,000. 
This  represents  a  layer  13  feet  thick  over  the  area  of  333,000  acres  of  the  coal-field. 


ons     13,497,113 

485,450 

4,195,191 

„      *18,177,754 

1,263,334 

38,899 

1,318,902 

4,441,314 

996,613 

5,865,093 

4,546,191 

13,631,563 

...    £7,314,150 

...       8s.  0-58d. 

...       2-06  feet. 

No.         H.P. 

459      59,231 

196      32,139 

384      15,330 

957      11,814 

1,996    118,514 

Number 

Employed. 

63,830 

4,6C9 

9,614 

2,716 

80,769 

16,765 

3,653 

2,547 

2,518 

25,483 

106,252 

67 


I 


Wage  of  workuuiii,  per  aniunn 

per  day 
Annual  pi-odiiction  of  workmen 
Cost  of  working  — 

Wages  ... 

Other  costs 


...  £39  16s.  5d. 

...       2.S.  7-82d. 

171  tons. 

...    £4,231,000 

...    £2.902,700 


Total 


r 


Profit 


...    £7,133,700 


£180,450 


Accidents  in  Collieries. 


Underground — 
Shafts 

Falls  of  stone 
Fire-damp    ... 
Suffocation  by  gases 
Irruptions  of  water 
U.se  of  explosives 
Engine  planes,  etc. 
Miscellaneous 


Accidents 

Killed. 

Injured 

.       42 

37 

7 

98 

87 

15 

12 

28 

12 

1 

3 



9 

6 

5 

54 

37 

17 

15 

12 

4 

Total 


231 


210 


fiO 


Surface — 

Falling  into  pits 


Wagons 


Engines,  machinery,  etc. 
Miscellaneous 


10  8  2 

8  4  4 

10  5  5 


Total 


28 


17 


11 


Grand  total 


259         227 
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Manttfactuee  of  Coke. 

Number  of  coke  ovens  at  work 
,,  „  off  work 

Coke  made  ...  ...         ...  ...         ...      tons 

,,    selling  price  iJer  ton 

„    yield  ...         ...         ...  ...  per  cent. 


Mines,  Fuenaoes,  Etc. 


Workmen  in  mines 

Zinc — 

Ores  produced 

Ores  imported 
Zinc  manufactured 

Value  per  ton  . . . 

Imported 

Exported 


4,475 

1,288 

2,077,051 

13s.  6-26d. 

73-41 


2,100 


tons 

20,738 

?? 

171,538 

)) 

75,366 

£14  7s.  6d. 

tons 

2,736 

55,255 

(58 


Lead — 

Ores  produced 

Ores  imported 
Lead  manufactured 

Value  per  ton  ...  ...  ...  ... 

Imported 

E.vported 
Iron  pyrites,  produced    .. 
Pig  Iron — 

Ores  produced 

Ores  imported 
Pig  iron  manufactured  ... 

Value  per  ton  ... 

Imported 

Exported 
Manufactured  iron 

„  value  i3er  ton 

Manufactured  steel 

„  value  per  ton 

3. — Quarries. 
Value  of  products 


tons 

1,749 

,, 

9,643 

n 

8,391 

£11  19s.  Od. 

tons 

4,295 

,, 

7,817 

j» 

1,623 

>' 

216.490 

!) 

1,641,515 

!) 

783,433 

41s.  2d. 

tons 

172,854 

;) 

12,743 

.. 

487,226 

£6  6s.  4d. 

tons 

156,301 

... 

£5  19s.  9d. 

£1,705,600 

M.  W. 

I 
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SOTTIAUX'S  COAL-CRUSHER-CLEANER. 

Sroyeur-Epurateur.  By  K.  SoTTT.^rx.  Socteie  des  Ingenieurs  sortis  I'EcoIe.  etc..  des 
Mines  du  Hainatdt.     Scr.  2,  Vol.  Xril.,  pp.  48-51.     Plate  I. 

Tliis  machine  is  designed  for  the  purpose  of  cleaning  coals  without  the  use  of  water, 
for  the  manufacture  of  coke  or  briquettes.  In  the  ordinary  crusher  both  coal  and  im- 
purities are  crushed  together,  and  afterwards  separated.  This  machine  acts  upon  coal 
and  impurities,  according  to  their  friable  nature,  and,  when  crushing,  separates  the 
coal  from  the  foreign  bodies  contained  in  it.  These  results  are  obtained  by  the  effect 
of  a  powerful  current  of  air  upon  the  crushed  material  held  in  suspension  in  a  limited 
space. 

Description. — The  crusher-cleaner  crushes  the  coal,  expels  it  as  it  is  crushed,  and 
leaves  untouched,  or  in  large  pieces,  the  foreign  bodies  nii.xed  with  it,  so  that  they  can 
be  separated  from  the  crushed  coal. 

It  consists  essentially  of  a  cage  with  flat  blades  or  helical  paddles,  rotated  (more  or 
less  rapidly,  according  to  the  nature  of  the  materials  crushed)  in  the  interior  of  a  per- 
forated drum  or  cylinder.  This  crusher  is  made  with  two  or  more  bosses,  with  six  arms 
or  spokes,  to  which  the  flat  blades  or  helical  paddles  are  attached.  The  bosses  are 
placed  upon  an  axle,  which  turns  with  the  cru.sher  in  the  interior  of  a  jierforated  drum 
or  cylinder,  divided  into  two  parts.  The  first  part  next  the  back  is  made  of  metal, 
channelled  in  the  inside,  and  with  holes  in  the  depths  of  the  grooves.  The  second  part 
is  of  perforated  sheet  iron  socketted  over  and  fixed  to  the  first  part.  A  cylindrical 
screen  overlaps  the  end  of  the  second  part  of  the  perforated  drum,  round  which  it 
rotates  independently  of  the  bearing  axles  by  means  of  a  hollow  axle  placed  over  the  said 
axle,  and  driven  by  arms  from  the  hollow  axle.  The  end  of  the  cylindrical  screen  is 
covered  by  a  short  screw.  The  whole  is  enclosed  in  an  iron  case,  open  at  the  bottom, 
so  that  the  cleaned  coal  may  pass  from  it  to  the  hopper. 


There  arc  two  openings  made  behind,  thi'  npjjor  one  for  the  entrance  of  the  material 
to  be  treated,  and  the  lower  one,  covered  by  a  slide,  for  the  examination  of  the  inside  nf 
the  drnm.     The  front  end  is  fnrnished  with  a  shoot  for  the  removal  of  the  impnrities. 

The  crnsher  is  driven  by  means  of  a  pulley  fixed  at  the  front  end  of  the  machine, 
and  the  motion  is  made  more  constant  by  a  flywheel  fixed  upon  the  back  end  of  the  axle. 
The  cylindrical  screen  is  driven  by  another  pulley  attached  to  the  hollow  axle.  Its 
outside  dimensions  are  :  —Height,  13  feet;  width,  9  feet ;  and  lenq-th,  IG  feet. 

Operation  of  the  Machine. — After  the  crnsher  is  started,  the  coal  is  regularly 
introduced  (from  the  feed  hopper)  between  the  flat  blades  of  the  crusher,  whose  rajjid 
succession  breaks,  crushes,  and  pulverizes  the  pieces  of  coal,  and  throws  them  first  against 
the  sides  of  the  metal  cylinder,  and  tlien  against  the  perforated  sheet  iron  of  the  fixed 
cylinder.  The  draught  produced  by  the  blades  or  paddles  compels  the  pulverized  material 
to  pass  through  the  holes  in  the  metal  and  sheet  iron  plates  of  the  fixed  cylinder.  The 
crushed  material  is  kejit  within  the  iron  casing  and  falls  by  its  lower  opening  into  the 
hopper. 

The  excellent  performance  of  this  machine  is  due  to  the  pressure  of  the  air,  which 
instantly  drives  out  the  pulverized  material.  It  has  crushed  50  tons  per  hour,  and  a 
production  of  35  tons  per  hour  is  a  fair  average  of  its  results. 

The  hard  and  least  crushed  materials  are  carried  by  the  helical  paddles  into  the 
rotating  screen,  where  they  are  sifted,  so  as  to  remove  all  pure  material  with  which 
they  may  be  mixed. 

In  order  that  the  impure  material  may  not  be  thrown  direct  out  of  the  apparatus 
and  carry  some  of  the  useful  products  with  them,  they  are  stopped  by  the  short  screw, 
which  covers  the  end  of  the  screen,  and  only  allows  them  to  pass  out  of  the  apparatus 
after  several  revolutions  of  the  rotary  screen,  which  brings  them  to  the  opening  in  the 
screw  almost  completely  freed  from  useful  material,  which  is  passed  through  the  screen 
into  the  hopper. 

In  actual  work  it  has  removed  five  per  cent,  of  stones  from  coal  containing  twelve 
per  cent.,  with  a  loss  of  five  pounds  per  ton  of  the  material  treated.  M.  W.  B. 


DUBOIS'  iIOUCH.\RD,  OK  EPXilSTERIXG  WATER-GAUGE. 

Indicateur  de  depression  pour  I'aerage  des  Mines.  By  L.  Desailly.  Societe  des 
Ingenieurs  sortis  de  I'EcoIe  provinciale  d' Industrie  et  des  Mines  du  Hainaut. 
Sir.  2,  Vol.  XVII.,  f p.  57-61.     Plate  IV. 

This  apparatus  consists  of  a  metal  box  divided  into  t\^•o  compartments  by  a  vertical 
division,  leaving  about  three  inches  open  at  the  bottom.  This  box  is  partially  filled 
with  water,  one  com])artment  or  branch  is  open  to  the  atmosphei'e,  and  the  other  is 
closed  at  the  top  and  connected  to  the  mine  by  a  pipe.  A  spherical  float  is  placed  in 
each  of  the  compartments,  connected  to  a  parallelogram  oscillating  about  an  axis 
attached  to  the  bottom  of  the  box.  The  lower  bar  of  the  parallelogram  is  prolonged 
and  connected  by  a  vertical  rod  to  a  horizontal  lever,  oscillating  about  an  axis  on  the 
top  of  the  box.  This  lever  carries  a  jjointer  which  indicates  tlie  depression  or  water- 
gauge  upon  a  graduated  arc. 

The  apparatus  records  the  difference  of  level  existing  between  the  two  floats,  and, 
consequently,  the  initial  level  of  the  water  may  be  varied  within  certain  limits  without 
effecting  the  correctness  of  the  readings.  The  top  lever  is  prolonged,  and  records  the 
readings  of  the  water-gauge  upon  paper  rolled  round  a  cylinder  driven  by  a  small  clock. 

By  a  very  siniiile  electrical  arrangement  of  a  circular  arc  (attached  to  the  toj) 
lever)  either  end  of  which  may  dip  into  a  trough  of  mercury,  the  apparatus  will  ring 
one  of  two  electric  bells,  one  when  the  water-gauge  is  too  high,  and  the  other  when  it 
falls  below  a  certain  point.  M.  W.  B. 


AERIAL  WIRE-ROPE  TRAMWAYS. 

Note  sur  les  Cables  Aerieii-s  ('fallls  entre  Tajda-Hunyad  et  Vadudohri  {Comitat 
d'Hunyad — Transylranie).  By  Messrs.  Bochet  axd  Lebeeton.  Annates 
des  Mines.  Series  8,  Vol.  IX.,  pp.  185-206.     Plate  IF. 

The  aerial  Mire-rope  tranivvays  between  the  Vajda-Hunyad  iron  works  of  the 
Hungarian  Government,  Gyalar,  the  iron  ore  mining  district,  and  Vadndobri,  the 
charcoal  burning  district,  is  erected  upon  the  system  of  Th.  Obach,  of  Vienna.  It 
is  remarkable  for  its  length,  which  is  about  19  miles.  The  line  is  divided  into  the 
following:  divisions:  — 


Name  of  Sta 

.tion. 

Diffei'euce  of  Level 

above  Vajda-Huuyad. 

Feet. 

Distance  between 

Stations. 

Feet. 

Vajda-Hunyad 

datum 

— 

Catsenas 

G30 

14.170 

Gyalar 

1,366 

17,540 

Buda  ... 

2,029 

11,820 

Pdjinitza 

2,121 

6,180 

Bunila 

2,339 

14,080 

Plaiului 

2,602 

14,030 

Gruniului 

2,926 

14,190 

Vadndobri 

2,615 

7.890 

The  inclination  is  3'17  per  100,  or  1  in  31'5  upon  the  average;  but  at  certain  points 
it  is  as  high  as  13  or  15  per  100.  This  circumstance,  together  with  the  requirement  of 
constant  working,  prevented  the  adoption  of  the  Hodgson  system.  Motive  power  is 
required,  owing  to  the  local  variations  in  the  fall ;  and  owing  to  the  great  length,  the 
line  is  divided  into  eight  parts.  t]ngines  are  placed  at  Catsenas,  Buda,  Bunila,  and 
Gruniului  so  as  to  command  the  adjacent  divisions  of  the  line.  There  are  duplicate 
engines  at  Catsenas. 

I. — CONSTBTTCTION    OF   THE    LiNB. 

Eopes. — A  system  of  this  kind  requires  for  single  way,  two  ropes — a  tram -rope  to 
carry  the  weight  of  the  tubs,  and  a  motor-rope,  attached  to  the  tubs.  It  is  necessary 
to  have  a  double  road,  one  for  the  empty  and  the  other  for  the  full  tubs,  or  four 
ropes  altogether. 

The  two  tram-ropes  are  fixed  by  their  ends  to  the  extreme  stations  of  each  section, 
and  each  carries  a  heavy  weight  for  the  purpose  of  keeping  the  rope  taut.  The  motor- 
ropes  are  united  in  the  form  of  an  endless  rope.  This  rope  passes  round  a  pulley  at  the 
engine  station,  driven  by  the  engine,  and  at  the  extreme  ends  of  each  section  it  passes 
round  pulleys  attached  to  movable  carriages,  this  keeps  the  rope  tight,  and  compensates 
for  variations  due  to  changes  of  temperature. 

The  tram-ropes  are  supported  at  intervals  uj^on  brackets,  which  do  not  interfere 
with  the  action  of  the  weights  at  the  extremities.  The  motor-ropes  run  upon  wooden 
rollers  carried  upon  the  same  brackets  when  the  deflection  allows  them ;  but  under 
working  conditions,  it  is  carried  by  the  tubs,  or  rather  by  the  tram-ropes,  which  are 
supported  at  intervals  of  177  feet,  between  Gyalar  and  Vajda-Hunyad,  where  the  ore 
and  charcoal  are  carried,  and  of  410  feet  between  Gyalar  and  Vadndobri,  where  only 
charcoal  is  conveyed.  The  tram-ropes  are  1*023  inches,  and  the  motor-ropes  "708 
inches  in  diameter. 

Supports  for  the  ropes. — The  supports  consist  of  two  vertical  posts,  connected  by 
two  horizontal  ties  at  the  t(jp,  and  by  a  second  tie  about  the  middle.     Lateral  supports 
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are  placed  where  necessary.  Two  hangers  from  the  njiiier  ties  carry  the  puUcys  for  the 
tram-ropes,  and  also  the  guide  i)ieces,  hy  which  the  wheels  of  ihc  tnh  pass  over  the 
pulleys.  Each  of  the  lower  tics  carries  two  wooden  rollers  for  the  snj)port  of  the 
motor-ro])e.  The  supports  are  of  vario\is  heights,  according  to  their  position,  and  may 
reach  from  18  to  20  feet. 

Stations. — The  stations  are  of  two  classes.  Engine  stations,  such  as  Buda,  etc., 
and  exchange  stations,  such  as  Pojinitza. 

Engine  stations.— These  are  placed  upon  the  direct  line  of  two  adjacent  sections  of 
the  tramway.  At  each  of  these  stations  the  motor- ropes  receive  their  motion,  and  the 
cuds  of  the  four  tram -ropes  are  attached.  Tlie  ends  of  the  tram -ropes  pass  over  vertical 
pulleys,  and  are  attached  to  heavy  weights,  consisting  of  wooden  hoxcs  filled  with 
stones.  The  motor-ropes  pass  round  the  same  horizontal  pulley  with  a  doul)le  groove, 
M'hose  diameter  is  equal  to  the  distance  apart  of  the  ropes,  or  from  6  to  8  feet.  The 
motor  pnlley  is  driven  by  suitable  bevel  gearing  from  the  engine.  Two  workmen  are 
employed  at  each  station  to  change  the  tnbs  from  one  section  of  rojie  to  the  next. 
There  is  also  an  cngineman  at  each  station,  who  also  attends  to  the  boiler. 

Exchange  stations. — Each  of  the  motor-ropes  is  provided  with  separate  pulleys, 
which  are  inclined  in  opposite  directions.  Guides  are  arranged  for  the  changing  of  the 
tubs  from  one  section  of  the  rope  to  the  succeeding  one. 

Points  are  arranged  at  all  the  engine  stations  for  taking  off  the  tubs  carrying  water 
for  the  boilers.  Points  are  also  arranged  at  Gyalar,  by  which  the  ore  tubs  are  removed 
from  the  line,  run  to  the  ore  boxes,  and  after  being  loaded,  are  again  placed  upon  the 
full  rope.  The  charcoal  tubs  jniss  this  station.  The  arrangements  at  Yadudobri  for 
loading  the  charcoal  tubs  is  similar  to  that  at  Gyalar.  The  terminus  at  Vajda-Hunyad 
is  arranged  by  means  of  points,  so  that  the  tnbs  are  shunted  into  one  of  two  ways, 
which  pass,  after  a  circular  route,  to  ore  or  chai'coal  deposits,  where  they  are  emptied, 
and  returned  to  the  empty  line  of  rope. 

Results,  etc. 

The  cost  of  the  lino  complete  was  £47,000,  or  about  £2,500  per  mile.  The  tubs  are 
placed  about  59  yards  apart,  and  arrive  at  the  rate  of  four  in  three  minutes.  The  tubs 
carry  17-i  cubic  foet  of  charcoal,  and  S'SG  cwts.  of  ore ;  an  empty  tub  weighing  about 
4  cwts. 

A  contractor  is  paid  lO'lod.  per  ton  (5  krentzer  per  quintal)  of  ore,  and  Is.  10"G5d. 
per  100  cubic  feet  (4  krentzer  per  hectolitre)  of  charcoal.  The  price  of  10"15d.  per  ton 
of  ore  carried  from  Gyalar  to  Vajda-Hunyad,  or  6  miles,  makes  it  cost  l*G9d.  per  ton 
per  mile.  The  jn-ice  of  Is.  10"65d.  per  100  cubic  feet,  or  3s.  4'45d.  per  ton  of  charcoal 
(100  cubic  feet  =  '56  ton)  for  19  miles,  makes  it  cost  2'13d.  per  ton  jier  mile.  The 
general  costs  per  ton  per  mile  for  360  days  and  800  tubs  per  day  are  as  follows : — 


Working  charges 


Interest  and  redemption  of  capital  in  12  years 

Cost  of  I'opes       

Maintenance,  etc. 


Ore. 

Charcoal. 

a. 

(1. 

1-69 

213 

2-35 

2-35 

9-55 

9-55 

•01 

•01 

Total  Is.  l-60d.  Is.  204d. 

M.  W.  B. 
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REGULATOR    FOR    CENTRIFUCtAL   FANS. 

Regulateur  volumetrique  jyour  ventilateiir  a  force  centrifuge.  By  L.  Desaillt. 
Bulletin  de  la  Societe  de  Vlndustrie  Minerale,  Sir.  2,  Vol.  XIV.,  pp.  1073- 
1081.     Plate  XLIII. 

Centrifugal  fans,  which  are  now  so  generally  employed  for  ventilation,  have  a  serious 
defect :  the  volume  of  air  exhausted  from  the  mine  is  not  constant.  This  is  owing  to 
the  fact  that  their  only  mode  of  action  is  to  create  depression,  which  is  constant  for  a 
constant  velocity  of  the  fan.  Their  action  is  different  in  relation  to  volume,  which,  for 
a  certain  depression,  will  vary  according  to  the  resistances  of  the  mine,  and  as  this  is 
very  variable,  a  constant  depression  cannot  produce  a  constant  volume. 

Some  regulator  should,  therefore,  be  attached  to  centrifugal  fans,  in  order  that  a 
constant  volume  may  be  produced,  irrespective  of  the  variable  resistances  of  the  mine. 

The  regulator  in  use  at  the  Xo.  3  Pit  of  the  Lievin  collieries  (Pas  de  Calais)  con- 
sists essentially  of 

{a)  An  indicator  j^laced  in  the  fan  drift ; 

(J)  A  governor  on  the  throttle-valve,  or  other  valve  gear  of  the  fan  engine. 

The  indicator  consists  of  a  flat  ijendulum  (of  suitable  surface  and  weight)  placed  in 
the  fan  drift,  and  which  may  be  displaced  by  the  velocity  of  the  current  of  air.  The 
movement  of  the  pendulum  is  communicated  by  means  of  a  suitable  rod  to  a  small 
lever,  to  which  a  small  cataract  is  also  attached,  to  render  the  apparatus  less  sensitive. 
A  needle  attached  to  one  end  of  the  lever  moves  over  a  small  arc  of  some  non-conduct- 
ing material,  containing  three  metallic  plates,  connected  on  one  side  to  the  battery,  and 
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on  the  other  to  two  sepai-ate  electro-magnets,  which  control  the  ^^•orking  of  the 
governor.  A  metallic  brush  upon  the  needle  acts  as  a  bridge  between  the  poles  of  the 
battery,  and  is  so  arranged  that  no  current  passes  when  it  is  in  a  central  position,  and 
it  is  connected  with  one  or  other  of  the  electro-magnets,  according  as  the  brush  is 
above  or  below  the  neutral  position. 

The  governor  consists  of  a  ratchet  wheel  and  lever,  receiving  a  reciprocating  motion 
from  the  engine.  '  Two  pawls  are  attached  to  the  axis  of  the  lever,  which  are  so 
arranged  as  to  remain  out  of  gear  until  acted  upon  by  one  or  other  of  the  electro- 
magnets. The  electro-magnets  will  not  work  so  long  as  the  needle  occupies  a  central 
position.  As  soon  as  the  needle  rises  or  falls  the  current  is  transmitted  to  one  or  other 
of  the  electro-magnets,  throwing  one  of  the  pawls  into  gear,  and  the  rocking  motion  of 
the  lever  will  drive  the  ratchet  wheel,  and  screw  the  throttle  valve  up  or  down  until 
the  normal  ventilation  is  restored.  There  is  a  simple  arrangement  by  which  the 
current  is  cut  off  as  soon  as  the  throttle  valve  or  variable  expansion  valve-gear  has 
reached  the  limit  of  its  travel. 

The  paper  is  illustrated  with  three  drawings  of  the  arrangement  of  the  indicator 
and  governor. 

The  apparatus  may  be  applied  to  all  existing  centrifugal  fans.  It  is  simple  and 
works  very  efficiently;  the  batteries  are  the  only  parts  requiring  occasional  attention 
and  renewal.  M.  W.  B. 
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Testing  of  sai'etv  lamps :  an  account  of 
exijerimeuts  made  by  Profs.  Kreischer 
and  Winkler,  by  Prof.  P.  P.  Bedson, 
D.Sc. —  Introductory  remarks,  3. — The 
safety  lamp  as  a  light  producer,  4. — 
As  safeguard  and.  indicator,  6. — Vol- 
umes of  oxygen  needed  for  combustion 
of  different  gases. — Investigations  by 
E.  Von  Meyer,  10.  —  Wolf's  benzine 
lamp,  12. — Experiments  by  Menzel.  13. 
— Oil  consumption  of  different  lamps, 
15. — Experiments  with  lamps  in  explo- 
sive mixtures,  18. — With  mixtures  of 
air  and  marsh  gas,  21,  25,  29,  32,  35. — 
With  coal  gas,  23.  27.— Air  admitted 
from  above,  25.  —  Rajie  oil  lamps. — ■ 
Raabe-Wolf  form,  29. —  Air  and  coal 
gas,  31,  34,  37. — Clanny  form  of  lamp, 
32. — Eape  oil  and  petroleum  lamp,  35. 
— Description  of  plates,  39.  —  Tables 
showing  results  of  expei'imeuts,  41. — • 
Discussed,  43. 

Flafes. — 1.  Testing  apjjaratus. — 2. 
3,  4,  5,  6.  Appearance  of  flames  in 
various  lamps  under  different  circum- 
stances. 

Tin  in  the  Malay  Archipelago,  abs.  57. 

Trans-Caucasia ;  copper  in,  abs.  9. 

Transmission  of  power  by  steam,  by  J.  R. 
Liddell  and  Prof.  J.  H.  Merivale,  159. 
— Discussed,  1G2. 


IHnle. — Plan  showing  pumjjing  ar- 
rangement at  Broomhill  Colliery. — 23. 
Drawings  of  steam  trap,  separator, 
socket  pipe,  &c. 

Transylvania;  gold  mining  in,  abs.  58. 

Transylvanian  gold  mining,  by  Edward  H. 
Liveing.  —  Geological  structure  of  the 
district,  81. — History,  83. — Mining,  84. 
— Condition  of  the  miners,  89. — Treat- 
ment of  the  ore,  90. — Discussed,  93. 
Plate. — 9.    Map  of  the  district. 

Treasurer's  accounts,  xii. 

Tunis ;  minei'al  phospnates  in,  abs.  43. 

Tunnelling  ;  President's  remarks  on,  227. 

Underground  engines  sujiplied  with  steam 

from  bank,  abs.  48. 
Underground  haulage;  President's  remarks 

on,  235. 
Utah ;  iron  in,  abs.  49. 

Victoi'ia;  mineral  statistics  of,  abs.  16. 

Washing  coal;    President's  remarks   on, 

236. 
Water-bearing   strata;  Poetsch's  system 

of  passing  through,  abs.  33. 
Wedge ;  Burnett's,  97. 
Winding  ropes;  accidents  to,  abs,  5. 
Winkler,  Prof. ;  safety  lamps,  3. 
Wolf's  benzine  lamjj,  12. 
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